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'•^The  study  objective  was  to  survey  nuclear  damage  assessment 
schemes  that  would  be  appropriate  to  tactical  nuclear  warfare 
analysis  for  the  Theater  Nuclear  Force/Survivability  (TNF/S)  pro- 
gram. The  survey  asks,  "Is  there  a code  (1)  suitable  for  sensi- 
tivity studies  that  seek  to  improve  theater  nuclear  force 
survival  and  (2)  that  properly  utilizes  nuclear  vulnerability 
data?"  Significant  characteristics  of  surveyed  codes  were  com- 


DD  /.STt,  1473 


EDITION  OF  I NOV  SB  IS  OHOLCTE  UNCLASSIFIED 

1 SECURITY  CLASSIFICATION  OF  THIS  ' AGE  fWInwi  Data  Bntmrod) 


UNCLASSIFIED 

^tCUWITY  CLAStIFICATIOM  OF  THIS  PAOBflWlM  Cf  Entmn^ 

V 

pared  with  an  "ideal  code"  that  would  be  appropriate  to  TNF/S. 
Attention  was  given  to  the  specific  methodology  used  for  damage 
calculation  and  its  ultimate  utility  for  sensitivity  analyses. 
Most  codes  could  not  be  used  "off  the  shelf"  because  of  inappro- 
priate orientation,  too  high  aggregation,  or  inappropriate 
methodol'bgy  for  performing  sensitivity  studies.  In  addition  to 
obviating  the  above,  the  ideal  code  is  modular,  calculates 
nuclear  environments  individually,  and  then  calculates  separately 
the  probability  of  damage  from  each  environment .A  Three  codes 
were  found  to  meet  the  criteria:  the  first  is  propiotary,  the 
second  is  unavailable,  and  the  third  does  not  consider  enough 
nuclear  environments.  Therefore,  it  was  recommended  that  a code 
be  developed  that  incorporates  the  major  characteristics  of  the 
ideal  code.  Such  a code  is  presently  under  devel4pment  at  the 
Harry  Diamond  Laboratories.  ' 
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1 . INTRODUCTION 


The  goal  of  the  survey  reported  here  was  to  determine  whether  a 
nuclear  damage  assessment  routine  exists,  either  as  a part  of  a larger 
code  or  by  Itself,  that  is  suitable  for  the  detailed  survivabdllty 
studies  that  will  be  conducted  as  a part  of  the  Theater  Nuclear 
Force/Survivability  (TNF/S)  program.  The  objectives  of  the  TNF/S  study 
are  to  (1)  determine  the  residual  combat  capability  of  the  NATO  theater 
nuclear  forces  in  Europe  when  subjected  to  the  full  range  of  actions  and 
environments  that  may  be  encountered  both  before  and  after  em  outbreak 
of  hostilities,  with  emphasis  on  the  residual  nuclear  delivery 
capability;  (2)  develop  feasible  alternatives  for  increasing  the  nuclear 
delivery  capability  and  evaluate  the  relative  contribution  of  the 
various  alternatives;  and  (3)  evaluate  the  impact  of  the  residual  combat 
capability  of  the  theater  nuclear  forces  on  the  overall  outcome  of  the 
conflict,  with  emphasis  on  sensitivity  of  the  outcome  to  the  residual 
nucle£u:  delivery  capability. 

These  survivability  studies  would  form  part  of  a computerized ‘ war 
game.  Because  nuclear  strikes  cure  Included  in  the  TNF/S  scenarios,  a 
nuclear  damage  assessment  routine  is  required.  The  nuclear  damage 
assessment  routine  selected  must,  of  course,  be  able  to  calculate  the 
probability  of  damage  to  the  NATO  theater  forces.  In  addition,  it  must 
be  able  to  handle  the  sensitivity  studies  that  v/i.ll  be  performed  within 
the  TNF/S  program  in  seeking  ways  to  enhance  survival  of  NATO  forces. 


The  emphasis  of  the  survey  was  to  consider  whether  such  a nuclear 
damage  assessment  routine  can  be  plucked  "off  the  shelf"  for  the  needs 
of  TNF/S.  If  not,  can  one  be  so  modified  or  must  one  be  developed? 

A significant  number  of  codes,  war  games,  and  methodologies  exist 
that  exhibit  some  nominal  capability  to  assess  nuclear  deunage  on  the 
battlefield.  A number  were  developed  to  support  the  analysis  of  the 
extensive  damage  expected  from  major  exchanges  of  nuclear  weapons.  Maiiy 
codes  were  designed  in  support  of  U.S.  targeting  doctrine  and  weapons 
development  and  hence  treat  mainly  radiation  casualties.  Finally,  a 
number  of  codes  were  developed  with  simplified  damage  assessment 
routines  to  support  larger  war-gaming  applications. 

During  the  survey,  existing  codes  were  reviewed  only  with  respect  to 
the  adequacy  of  their  nuclear  damage  assessment  routines  so  as  to 
eliminate  unacceptable  codes.  A detailed  technical  analysis  of  codes 
selected  for  TNF/S  is  greatly  simplified  by  our  reduction  of  the  number 
of  codes  to  be  considered.  This  survey  is  not  Intended  to  explore  the 
accuracy  of  the  intr'-nal  technical  calculations.  It  does  emphasize  the 
input/output  (I/O)  characteristics  and  the  processing  algorithms  of 
these  routines.  The  specific  categories  that  were  treated  in  detail 
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were  target  and  weapon  deployment,  nuclear  environments,  use  of  target 
vulnerability  data,  specific  damage  calculation  techniques,  emd  the 
output  capabilities. 

Currently,  a variety  of  techniques  exists  for  calculating  nucleeu: 
damage.  They  rely  on  different  methodologies  and  can  give  quite 
different  results  when  applied  to  the  scune  problem.  In  addition,  one  of 
the  methodologies  (AP-550,  see  sect..  6)  is  not  appropriate  to  sensiti- 
vity studies.  Accordingly,  the  calculational  methodology  and  its  asso- 
ciated data  base  are  strongly  emphasized. 

In  addition  to  evaluating  codes  that  £u:e  appropriate  to  the  needs  of 
TNF/S,  the  survey  can  serve  as  a state-of-the-art  review  of  the  current 
capabilities  in  the  area  of  nuclear  damage  assessment.  It  can  also  be 
used  to  identify  nuclear  damage  assessment  routines  that  are  appropriate 
as  subsystems  of  larger  war-game  codes  or  as  independent  amalytical 
tools.  For  these  reasons,  the  survey  also  considers  the  degree  to  which 
a routine  is  made  modulair.  The  attributes  and  the  deficiencies  of  the 
various  codes  are  indicated  here  by  their  comparison  with  the  attributes 
of  a conceptual  "ideal  code"  that  'ould  be  eminently  suitable  for  use  in 
TNF/S,  or  for  use  by  itself,  or  capable  of  coupling  to  other  codes. 
This  ideal  code  also  serves  as  a baseline  against  which  we  can  compeure 
and  evaluate  candidate  codes. 

According  to  R.  Epperson  of  the  Defense  Communications  Agency  (DCA) , 
another  survey  of  codes  that  has  an  emphasis  different  from  that 
reported  here  is  being  performed  by  DCA.  They  currently  smphasize 
strategic  codes,  but  soon  will  be  dealing  with  tactical  codes.  These 
DCA  studies  emphcsize  communications  equipment.  The  RDA  Corporation, 
Santa  Monica,  CA,  has  performed  a survey  of  combat  codes,  both 
conventional  and  nuclear  (J.  Esser,  RDA,  1976) . The  emphasis  of  that 
survey  was  distinct  from  that  presented  here  in  that  RDA  looked  only  at 
high  levels  of  aggregation.  The  finest  resolution  dealt  with  by  the 
survey  was  a battalion  of  tanks  versus  an  infantry  brigade.  The  codes 
surveyed  looked  only  at  major  effects,  were  highly  aggregated  (mostly 
theater  level)  and  used  "cookie-cutter"  methodology.  (Items  are 
"killed"  inside  a certain  radius  from  burst;  "alive"  outside  it.)  As 
will  be  discussed  in  section  5,  such  characteristics  are  not  appropriate 
to  the  needs  of  TNF/S.  The  RDA  survey  and  this  survey  do,  however, 
complement  each  other,  and  together  contain  good  cross  sections  of 
nuclear  damage  codes  and  representative  analytical  techniques. 

Our  goal  was  not  to  review  in  detail  the  accuracy  of  the  technical 
methodologies  used  wivhin  the  tactical  codes  (for  example,  the 
algorithms  for  the  nuclear  environments,  those  for  the  damage 
calculations,  and  those  for  other  calculations  that  use  equations  to 
describe  such  phenomenology  as  weapon  CEP  (circular  error  probable)  as  a 
function  of  missile  range) . The  aim  was  to  select  those  codes  that  are 
relevant  to  TNF/S,  and  thus  reduce  in  number  the  codes  requiring  such 
detailed  examination  prior  to  use  by  TNF/S . 
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2.  SURVEY  PROCEDURE 


Basically,  there  were  three  phases  In  this  survey  of  existiug  codes 
that  employ  nuclear  damage  assessment.  The  first  phase  was  to  try  to 
identify  all  codes  that  contained  nuclear  damage  assessment,  the  second 
phase  was  to  compile  sufficient  information  concerning  these  codes  to 
evaluate  the  codes  in  view  of  TNF/S  needs,  the  third  was  to  perform  this 
evaluation.  In  this  section,  we  describe  the  methods  employed  in  the 
first  phase  of  the  analysis,  that  of  identifying  codes  that  employ 
nuclear  damage  assessment. 

The  task  of  identifying  codes  relevant  to  the  needs  of  TMF/S  began 
with  a list  of  six  codes  that  were  believed  to  contain  nucle2ur  damage 
assessment  routines.  This  list  was  compiled  from  Informal  discussions 
at  the  Harry  Diamond  Laboratories  (HDL)  and  provided  a starting  point 
fur  the  study.  This  basic  list  was  doubled  as  a result  of  informal 
discussions  during  one  of  the  TMF/S  Lead  Element  meetings. 

At  this  point  in  the  survey,  it  was  decided  that  sufficient  informa- 
tion was  available  to  prepare  a survey  questionnaire  (described  in 
sect.  3) , tailored  to  identify  the  attributes— both  positive  and 
negative — of  each  code,  and  answerable  by  telephone  or  from 
documentation  on  each  code. 

Each  organization  that  was  believed  to  be  most  intimately  concerned 
with  a particular  code  was  contacted  and  asked  for  information.  Several 
questions  were  presented:  (1)  Who  is  the  best  technical  person  to 
contact  regarding  the  nuclear  damage  assessment  portion  of  the  code? 
(.*')  What  relevant  technical  documentation  exists  concerning  this  portion 
of  the  code?  (3)  What  other  codes  do  you  know  of  that  contain  nuclear 
damage  assessment,  amd  who  should  be  contacted?  (4)  Do  you  know  oi 
existing  bibliographies  of  such  codes,  of  their  titles,  and  of  their 
abstracts?  (5)  Would  you  answer  these  specific  questions  from  the 
survey  questionnaire? 

This  format  assisted  in  completing  the  survey  questionnaire,  identi- 
fying new  codes,  and  identifying  new  sources  of  information.  Each  lead 
on  a new  code  or  procedure  to  find  new  codes  (e.g.,  the  mention  of  a 
bibliography)  was  followed  up,  and  for  each  new  contact  the  same 
procedure  was  followed.  This  procedure  continued  until  no  new  codes 
surfaced,  no  new  personal  contacts  were  identified,  and  no  new  sources 
of  information  were  mentioned. 

The  requested  documents  provided  three  types  of  information:  (1) 
specific  technical  details  concerning  the  code  in  question,  (2) 
references  to  other  existing  codes,  and  (3)  references  to 
bibliographies.  All  such  leads  followed  the  same  procedure. 
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In  addition  to  personal  contacts  and  refarencad  documants,  thraa 
bibliographies  of  relevant  codes  ware  identified. ^ Tvn  originated 
with  the  U.3.  Amy  Concepts  Analysis  Agency  (CAA) , and  the  third  with 
the  Studies,  Analysis,  and  Gaming  Agency  (SAGA). 

A literature  search  was  made  through  the  Defense  Documentation 
Center  (DDC)  for  nuclear  damage  assessment  routines  using  key  words 
thought  to  characterise  codes  in  ^diich  such  routines  would  be  used. 
Attention  was  centered  on  tsctical  nuclear  warfare  games  that  employed 
nuclear  weapons. 

The  resulting  list  of  candidate  codes  emd  brief  descriptions  of 
these  codes  are  presented  in  appendix  A.  That  appendix  presents  the 
codes  (and  their  descriptions)  in  alphabetical  order  by  acronym  emd  also 
lists  in  alphabetical  order  the  organizations  that  have  the  expertise  to 
answer  technical  questions  concerning  specific  codes. 

At  this  point  in  the  survey,  the  codes  that  employ  nucleeur  damage 
assessment  could  be  considered  to  have  been  identified,  and  the 
technical  points  of  contact  for  the  codes  located.  VIhat  remained  was  to 
actually  perfom  the  survey  and  assess  the  results. 


3.  THE  SURVEY  QUESTIONNAIRE 

The  survey  questionnaire  was  designed  primarily  to  address  questions 
relevant  to  TNP/S.  Although  the  survey  was  to  be  oriented  towards  the 
needs  of  TNF/S,  we  )tnew  that  the  survey  could  simultaneously  serve  as  a 
basis  for  comparison  of  the  numerous  codes  and  thereby  provide  a survey 
of  the  state  of  the  art  in  nuclear  damage  assessment.  In  fact,  part  of 
section  7 of  this  report  presents  a matrix  involving  the  nine  most 
relevant  codes  (and  also  the  "ideal  code"  discussed  in  sect.  5)  and  the 
"scores"  of  these  codes  for  a particular  survey  question. 

Several  specific  areas  were  deemed  worthy  of  being  addressed  in  some 
detail  by  the  survey.  These  are  listed  below  in  the  order  of  the 
importance  assigned  to  each. 


^U.S.  Concepts  Analysis  Agency,  Tabulation  of  Models  of  Interest  to 
CAA,  Bethesda,  HD  (July  1976). 

^U.S.  Concepts  Analysis  Agency,  Abstracts  of  Studies,  Bethesda,  MD 
^January  1976) , 

^Harry  J,  Walther,  Catalog  of  War  Gaming  and  Military  Simulation 
Models,  6th  ed..  Studies , Analysis , and  Gaming  Agency  (SAGA)  236-75  (June 
1975) , AD  012803. 
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Tima  Dependwnca.— Because  the  ultimate  code  selected  (or  developed) 
will  be  used  for  sensitivity  studies « the  question  of  tine  dependences 
(e.g.,  target  motion)  must  be  addressed.  Also,  the  output  of  the  co'le 
will  be  uncertain  to  the  extent  that  the  input  data  a.re  uncertain  and 
also  to  the  extent  that  statistical  uncertainties  occur  in  the  actual 
calculations  within  the  code.  For  example,  the  output  could  be  affected 
by  using  a Monte  Carlo  approach  to  weapon  CEP  to  relate  weapon  actual 
ground  zero  (AGZ)  to  its  designated  ground  zero  (DGZ) . The  code  should 
be  6d>le  to  distinguish  between  output  uncertainties  that  are  due  to  data 
uncertainties  and  those  due  to  processing  uncertainties.  Otherwise, 
meaningful  trends  in  the  output  cannot  be  tracked  with  certainty. 

Subdivision  of  Area  Targets.— The  codes  treat  area  and  point  targets 
differently  in  the  nuclear  damage  assessment  routines.  Usually,  an  aurea 
target  is  subdivided  into  smaller  and  smaller  subtargets  until  the 
subtargets  can  be  effectively  considered  to  be  point  targets.  The 
criteria  used  to  distinguish  between  area  emd  point  targets  may  vary 
from  code  to  code,  and  the  output  of  the  code  may  vary  accordingly.  It 
was  therefore  advisable  t''  ascertain  each  code's  capability  for 
subdividing  area  targets.  Also  considered  was  how  such  eureu  targets 
were  aggregated  into  larger,  single- Identity  targets.  Some  codes  were 
found  to  be  unable  to  collocate  personnel  and  equipment.  If  the  code  is 
not  able  to  collocate  people  and  equipment,  the  actual  outcome  of  a 
battle  could  be  contrary  to  predicted  outcome.  Communication  links 
might  present  a critical  example  of  this  characteristic. 

User  Specifications.— The  candidate  codes  should  permit  the  user  to 
specify  the  weapon  laydown  and  to  be  able  to  specify  multiple  weapon 
bursts  and  various  heights  of  burst  (HOB's) . A weapons  allocation 
routine,  however,  could  be  useful  in  future  applications  of  the  TNF/S 
code  and  could  circumvent  the  need  for  a user  to  input  the  laydown. 

Two  aspects  of  each  nuclear  damage  assessment  routine  in  each  cw- 
didate  code  were  (1)  how  it  handles  the  calculation  of  each  of  the 
environments  (blast,  initial  nuclear  radiation,  electromagnetic  pulse 
(EMP) , etc.)  from  a nuclear  burst,  and  (2)  whether  the  routine  makes 
proper  use  of  target  vulnerability  in  the  damage  calculations  and,  in 
fact,  whether  proper  vulnerability  data  eu:e  input  to  the  routine. 

Format . —The  format  of  the  routine  was  also  considered  importwt. 
Can  the  output  of  the  code  group  the  damage  by  burst  number  emd  by  that 
environment  which  is  primarily  responsible  for  the  dair.  ge?  This 
question  would  be  critical  for  future  sensitivity  scudias.  Is  the 
nuclear  damage  assessment  routine  modulau:  In  the  sense  that  it  could  be 
readily  Integrated  into  an  alternative,  already-existing  war  game?  Has 
the  routine  been  independently  assessed? 
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Oth«r  Attrlbutas.— In  addition  to  tha  abova  areas  of  Interest,  many 
routines  viere  found  to  have  specific,  useful  attributes  that,  although 
not  of  prime  interest  to  TNF/S,  do  present  capabilities  that  would  be 
useful  in  other  applications.  The  questionnaire  sought  to  flag  such 
useful  attributes.  These  are  listed  in  appendix  B.  Table  I lists  the 
categories  and  specific  question  areas  of  the  questionnaire.  As 
indicated  in  section  2,  the  questionnaires  were  completed  using 
statements  front  code  users , originators , and  assessors  of  the  codes , as 
well  as  from  existing  documents  that  describe  the  codes. 


table  I.  SUBJECT  AREAS  OF  THE  SURVEY  QUESTIONNAIRE 


Nucl«»r  hit 


Tarfet  dax'r I pt  Irn 


Multiple  tarpett 
Target  site,  ehape,  orientation 
Number  of  target  elements ■ 
their  resolution 
Personnel  location,  shielding 
Equipment  by  type,  criticality 
Communication  links 


Target  location  and  deployment 


Target  location,  how  distributed 
Target  movement  vector 
Relation  of  detected  element  to 
rest  of  target 


Weapon  description 
and  delivery  accuracy 

Multiple  weapons 
Avoid  multiple  kill  volume 
Weapon  yield,  range,  HOB,  CEP 
DCZ  selection,  weapon  reli- 
ability 

Variability  due  to  scenario 
changes 


Nuclear  kill 


Envl ronmen* 


Equipment  vulnerability 


Personnel 
vulnerabi I Ity 


Mathematical  approach 


Blast,  total  dose,  neutron,  y, 
thermal,  EmP 

Weather  (re  thermal),  terrain 
Environment  specification 
flexibility  (by  weapon  type 
versus  yield) 


Blast,  neutron,  EHP, 
thermal 

Level  of  damage,  time  to 
repel r 


Blast,  total  dose, 
thermal 

Postures,  flexibility, 
time  dependence 

Multiple  bursts  for 
dose 

Bln  personnel  by  dose 


Data  source,  guideline 
algorl thm 

Cookie  cutter  or  probe* 
bi  I Istic 

Monte  Carlo  or  determln* 
Istic 

Uncertainties  In  all 
categories 

Edit  capability  (by  burst 
number,  damage  cause) 

Target/weapon  overlap  * 
how 

Computer  * language, 
proprietary  code,  modu- 
lar code 

Independent  assessment  of 
code 

Output;  Subroutine,  final 


At  this  point  in  reporting  the  survey,  it  may  be  considered  that  the 
questionnaires  have  been  completed  eund  the  analysis  of  the  results 
remains  to  be  done. 


4.  FIRST-ROUND  SELECTION 

Over  40  codes  from  over  20  organizations  were  identified  as 
potential  candidates  (see  app  A) . These  codes  were  thought  to  deal  with 
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or  include  nuclear  capabilities.  The  list  is  certainly  not 
all-inciusive  of  codes  containing  nuclear-oriented  subroutines,  but  is 
considered  comprehensive  as  regards  the  specific  needs  of  TNF/S- 

Now  a first-round  selection  was  made  from  the  list  in  order  to 
eliminate  those  codes  that  are  not  relevant  to  the  needs  of  TNF/S. 
Although  a given  code  may  not  pass  the  initial  round  of  selection,  einy 
positive  attributes  this  code  possesses  that  are  relevant  to  TNF/S 
needs,  or  the  needs  of  any  ultimate  nuclear  damage  assessment  routine, 
are  flacged  and  compiled  in  appendix  B.  Of  course,  such  positive 
actrlbutes  of  a nonelimlnated  code  will  also  be  flagged  and  presented  in 
appendix  B. 

The  first-round  selection  consisted  of  retaining  candidate  codes  on 
the  basis  of  the  criteria  in  the  following  list.  Obvious  first-round 
selection  criteria  are  these:  Is  the  code  nuclear;  is  it  oriented  to 
tactical  warfare;  is  the  code  now  available;  is  this  the  most  recent 
version;  is  it  known  to  be  free  of  basic  flaws;  does  it  output  distribu- 
tions of  damage  necessary  for  TNF/S?  Another  criterion  is  ^^ether  the 
code  is  relevant  to  the  needs  of  TNF/S.  For  example,  a code  that  turns 
out  to  be  a nuclear  fallout  model  for  war  games  is  not  especially 
relevant  to  the  tactical  scenarios  anticipated  for  TNF/S.  Nevertheless, 
such  a code  would  be  flagged  as  having  a useful  attribute  that  might  be 
relevant  to  future  war-game  efforts.  In  fact,  it  would  be  convenient  if 
the  TNF/S  code  were  capable  of  coupling  to  a fallout  model. 

The  final  first-round  selection  criteria  concerned  the  level  of 
aggregation  of  targets  within  each  model.  From  the  standpoint  of  physi- 
cal vulnerability,  the  resolution  of  battlefield  items  must  be  at  or 
below  the  company  level— the  platoon  level  is  preferable.  The  reason 
for  this  is  that  for  large-area  battlefield  teurgets,  the  damage  caused 
by  a nuclear  burst  can  veiry  significantly  across  the  target.  Thus,  for 
these  targets,  damage  cannot  be  specified  by  the  value  of  a single 
parameter  alone.  By  their  very  nature,  a number  of  codes  that  examine 
theater  warfare  do  not  possess  a sufficiently  low  level  of  aggregation. 
Aggregation  at  the  battalion  level  is  common  for  such  codes.  In 
carrying  out  nuclear  damage  calculations,  the  ultimate  TNF/S  code  will 
deal  with  the  effect  of  a specific  weapon  on  a given  battlefield  item. 
The  vulnerability  data  that  will  be  used  in  such  a calculation  are  often 
presented  for  such  items  as  radios,  people,  and  trucks.  On  the  other 
hand,  a given  model  was  not  excluded  because  it  dealt  with  low  levels  of 
aggregation.  It  must  be  recognized,  however,  that  such  models  may 
require  aggregation  schemes  in  order  to  be  appropriate  to  theater 
situations. 

Table  II  lists  codes  that  were  examined  euid  that  did  not  pass  the 
first-round  selection  criteria  (see  also  app  A) . Included  in  that  table 
are  the  specific  reasons  why  each  code  is  excluded  from  further 
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TABLE  II.  CODES  REJECTED  DURING  FIRST-ROUND  SELECTION 


Code 

Reason  rejected 

ATLAS 

uses  AP-550,  too  highly  aggregated  (NUFAM  output  Is 

Its  Input),  undergoing  revision 

BARBAROSA 

scenario  selection  model 

CASH 

under  develupment  (4  years  off)  at  SAGA 

CATTS/MAFIA 

too  highly  aggregated  (does  not  subdivide  battalions) 

COMBAT- 1 1 

too  highly  aggregated  (company  and  above  vuJnerabI 1 i ty  levels) 

DACOMP 

offensive  aim  point  selection  code 

OEMS 

outdated,  undocumented,  unused 

DIVWAG 

too  highly  aggregated  (division  level  and  above) 

FORCAST-2 

deals  only  with  structures  and  collateral  damage 

JEREMIAH 

not  nuclear 

LACOHP 

solely  a fallout  model 

LULEJIAN-I 

not  nuclear 

MCNUKEN 

research  tool  for  constructing  tactical,  nuclear  models 

MINTSIM 

in  development  Co  correct  basic  flaws  and  to  increase  aggrega- 
tion 

NAR 

part  of  NUFAM 

NOAM  . 

strategic  model 

NUCAMMORATES 

computes  ammunition  consumption  rates 

NUCUAL 

allocation  program  for  strategic  scenarios 

NUOAS 

currently  a one-on-one  research  tool 

QTEM 

too  highly  aggregated  (corps-level  fire  fighting;  but  subdivisic 
to  launcher  level  is  possible)  uses  AP-550 

RAOSUM 

strategic  model 

RAM 

not  nuclear 

RAPIER 

deals  only  with  collateral  damage 

SATAN 

highly  aggregated  (nuclear  damage  is  done  by  TANDEM) 

SCORES  NUCLEAR 

too  highly  aggregated  (down  to  company  level  with  difficulty) 

EXCURSION 

SEER- 1 1 1 

fallout  model 

SIDAC 

only  strategic;  TANDEM  replaces  it 

SNAP 

only  strategic 

SPHINX 

too  highly  aggregated  (brigade  level  and  above) 

STANCE- 78 

too  highly  aggregated  (corps  level  and  above) 

TALLEV/TOTEM 

not  nuclear 

TARTARUS 

too  highly  aggregated  (battalion  level  and  above) 

UNICORN 

highly  aggregated  force  allocation  code 

UNNAMED 

LULEJIAN 

MODEL 

too  highly  aggregated  (battalion  level  and  above) 

UNNAMED 

HEADQUARTERS 

EUCOH  MODEL 

to  become  tactical  nuclear  model  requires  DOSDiS  as  subroutine 
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consideration.  As  cw  be  seen  from  table  II ^ the  most  common  reasons 
for  deletj.on  Involve  aggregation  levels  and  relevance  to  TOF/S.  These 
codes  are  briefly  described  In  appendix  A. 

Table  III  lists  the  nine  codes  that  passed  the  first-round 
selection.  This  table  also  lists  the  organizations  considered  to  be  the 
technical  proponents  of  these  codes  and  the  key  technical  people  who 
appear  to  be  best  versed  In  the  technical  details  of  the  codes.  These 
nine  codes  iu:e  described  In  more  detail  In  appendix  C. 

TABLE  III.  COOES  RELEVANT  TO  TNF/S  AFTER  FIRST-ROUND  SELECTION 


Code 

Proponent 

Contact 

Brigade 

Survi vabi 1 i ty* 

Scientific  Applications. 
Inc.  (3AI) 

W.  Schilling,  SAI,  703' 

821 -<43  00,  McLean,  VA 

OOSOIS* 

Stanford  Research 
Institute  (SRI) 

P.  Dolan,  SRI,  1115-326- 

6200,  x3558,  Menlo  Park,  CA 

OUEEPS 

Lawrence  Livermore  Lab- 
oratory (L*) 

R.  Card,  L^  '•IS-'*'*?-!  100, 
x7621 , Livermore,  CA 

LAOCAR 

Los  Alan»s  Scientific 
Laboratories  (LASL) 

T.  W.  Dowler,  LASL,  505-667* 
1*335 > Los  Alamos,  NM 

LANOEH 

LASL 

T.  W.  Dowler,  LASL,  505-667- 
A335>  Los  Alamos,  NM 

NONAHE 

SAI 

R.  Sumner,  SAI,  703-821-1*518, 
McLean,  VA 

NUFAN 

Concepts  Analysis 

Agency  (CAA) 

E.  Smith,  CAA,  301-295-1681. 
Bethesda,  MD 

TACNUC 

Institute  of  Defense 
Analysis  (IDA) 

E.  Kerlln,  IDA,  703*558-1323, 

Arlington,  VA 

TANDEM* 

Rand/SAI 

M.  Drake,  SAI,  71'*-‘*59-021 1 , 

La  Jol la,  CA 

*These  code*  are  currently  controlled  by  the  Defense  Nuclear  Agency  (DNA) , 
For  technical  information,  contact  the  Vulnerability  Directorate  of  DNA  before 
contacting  individuals  listed. 


The  Brigade  Survivability  code  (alternatively  known  as  Combat  System 
Survivability  Model) , DOSDIS,  and  TANDEM  are  currently  under  the 
auspices  of  the  Defense  Nuclear  Agency  (Vulnerability  Directorate) . 
Accordingly,  this  Directorate  should  be  contacted  before  Information  Is 
requested  about  those  codes  from  the  technical  personnel  listed  In 
table  III. 
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At  this  point  in  the  survey,  the  nine  codes  of  teUsle  111  were  found 
to  be  appropriate  to  the  scope  of  TNF/S  auid  also  to  contain  nuclear 
damage  assessment  routines  that  could  be  appropriate  to  other  studies. 
The  remaining  analyses  consist  of  examining  the  specific  details  of 
these  routines  and  comparing  them  against  a standard  that  is  developed 
in  the  following  section  in  order  to  select  the  most  appropriate 
routines. 


5.  FEATURES  OF  THE  IDEAL  CODE 

This  section  is  devoted  to  the  specific  characteristics  of  am  ideal 
nuclear  damage  assessment  routine  that  can  serve  as  a benchmark  against 
which  to  compare  the  nine  relevant  codes  selected  (sect.  4) . This  code 
is  ideal  in  the  sense  that  it  is  minimally  acceptable  both  to  the  needs 
of  TNF/S  and  to  the  needs  of  any  routine  that  calculates  nuclear  damage. 
Additionally,  the  ideal  code  would  couple  well  (with  minimal  chcuiges)  to 
existing  codes  that  either  serve  as  its  input  or  use  its  output. 

The  ideal  code  is  conveniently  subdivided  into  five  subroutines: 
targets,  weapons,  environment,  target  vulnerability,  and  ttie 
calculational  procedure.  Each  subroutine  contains  both  primary  and 
secondary  attributes.  Primary  attributes  refer  to  those  qualities  that 
are  needed  by  a nuclear  damage  assessment  routine,  while  secondary 
attributes  are  those  that  would  be  convenient  to  add  at  a later  date  to 
enhance  the  current  applicability  of  the  routine.  Appendix  B lists 
"tertiary"  attributes  that  are  expected  to  be  needed  in  future  war-game 
modeling  efforts.  Tadales  IV  through  VI  give  the  primary  euid  secondary 
attributes  desired  for  the  ideal  code.  Primary  attributes  are  those 
that  can  be  easily  incorporated  into  the  ideal  code;  secondary 
attributes  are  those  that  would  require  about  one  year's  effort  to 
update  a code  possessing  solely  the  primary  attributes. 

Table  IV  describes  the  target  portion  of  the  routine  along  the  lines 
of  input  requirements  to  the  code,  as  well  as  suggesting  the  internal 
calculations  that  are  required  of  the  code.  For  example,  the  ability  to 
aggregate  platoon-sized  targets  into  larger-resolution  targets  places 
restrictions  on  the  input  to  the  routine  (where  platoons  aggregate  in  a 
nonuniform  fashion,  input  must  be  at  the  platoon  level) . Also 
restricted  are  the  calculations  that  are  to  be  based  on  the  description 
of  the  target  (the  routine  must  decide  when  aggregates  of  platoons  can 
be  treated  as  point  targets  and  when  the  platoons  themselves  can  be 
treated  as  point  teurgets) . 

Table  V includes  the  categories  of  weapons,  environments,  emd  tcurget 
vulnerabilities.  The  characteristics  listed  in  this  table  may  be 
considered  to  operate  on  the  description  of  the  target,  as  given  by 
table  IV,  Using  the  scenario  specified  by  tsQjle  IV,  the  appropriate 
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TABLE  IV.  FEATURES  OF  THE  IDEAL  CODE:  TARGETS 


Sub rout  I ne 

Attributes 

category 

Primary 

Secondary 

Targets 

1 

1 

Area  and  point  targets  located 
by  longitude  and  latitude. 

Target  shape  specified  by  con- 
venient geometrical  figures. 

Subdivide  targets  down  to  pla- 
toon size  where  necessary. 
Platoon  treated  as  area  tar- 
get whose  internal  distribu- 
tion of  value  is  uniform. 

Subunits  aggregated  into  larger 
units  whose  internal  distri- 
bution of  value  and  spacings 
can  be  spec! f led. 

Personnel  grids  and  equipment 
grids  can  overlap,  but  need 
not  coincide. 

Platoon  composed  of  various 
equipment  types  and  personnel 
in  varying  postures. 

Motion  vectors  specified  for 
point  and  area  targets. 

Offset  DGZ  from  target  centroid, 
as  target  acquisition  does 
not  locate  target  centroid. 

Target  location  and  decomposi- 
tion into  subtarqets  accom- 
panied by  target  acquisition 
time. 

Uncertainties  (CEP  fashion)  in 
target  location  and  motion 
vector. 

Target  orientation. 

Terrain  effects  on  deployment 
and  weapon  environment. 

nuclear  weapons  (Including  such  weapon  variations  as  enhanced  radiation 
— ER — type)  are  selected  smd  described  in  table  V with  sufficient  detail 
to  permit  the  calculation  of  damage  to  these  targets.  The  weapons 
characteristics  may  be  input  by  the  user»  or  (at  a later  stage)  be 
target  allocated  by  a weapons  allocation  subroutine.  With  the 
specification  of  the  weapons  to  be  used  in  the  laydown,  it  is  then 
possible  to  calculate  the  intensity  of  each  nucleeu:  environment  as  a 
function  of  distance  from  the  AGZ's  of  the  weapon.  Many  codes  perform 
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TABLE  V.  FEATURES  OF  THE  IDEAL  CODE:  WEAPONS,  ENVIRONMENTS, 
TARGET  VULNERABILITIES 


Subroutine 

Attributes 

category 

Primary 

Secondary 

Weapons 

User-selection  laydown. 

Yield,  HOB.  CEP,  reliability 
weapon  peculiarites  (ER). 
Range-  and  weapon-dependent 
CEP.  User  flexibility  in 
CEP  choice. 

AGZ  diffars  from  DGZ. 

Weapon  specified  by  type,  or 
by  closest  match  to  existing 
weapons . 

Envl ronment 

Specify  environment  versus 
distance  from  AGZ  for: 
blast,  thermal  (include 
weather  factors) , total 
dose,  neutron,  y,  EMP. 

Uncertainties  In  specification 
of  environment. 

Target 

vulnerabi 1 1 ty 

! 

User-estabI i she  ' :riteria. 

Input  is  probat  <ty  of 
damage  (promi  alayed 

casualty  for  levels  of 
damage  versus  intensity 
of  environment  for: 
blast,  thermal,  total 
radiation  dose,  -f,  neu- 
tron, EMPi  for  each 
shielding  factor. 

Total  dose  Is  sum  over 
number  of  detonations. 

Time  to  repai r 1 Ightly 
damaged  units. 

these  calculations  with  considerable  detail  (read  complexity)  and 
presumed  accuracy.  It  is  probably  more  desirable,  however,  to  employ  a 
series  of  simple  algorithms  that  give  each  environment  intensity  as  a 
function  of  distemce  from  the  burst  with  em  acceptable  degree  of 
accuracy  once  the  weapons  characteristics  are  given.** 

The  target  vulnerability  (table  V)  portion  of  the  routine  is 
basically  contained  in  the  input  to  the  code  amd  can  be  specified 
simultauieously  with  the  target  data  if  desired.  The  data  can  be  of  the 
form^  that  specifies  various  damage  categories  resulting  from  nuclear 
environments,  or  can  be  of  the  form  of  two  parameters  that  specify  the 

E.  Sweeney,  Jr.,  C,  Hoaxed,  and  J.  Wicklund,  Nuclear  Weapons 
Environments  for  Vulnerability  Assessments  to  Support  Tactical  Nuclear 
Warfare  Studies,  Harry  Diamond  Laboratories  TH-77-4  (June  1977). 

^Department  of  the  Army,  Staff  Officers’  Field  Manual,  Nuclear 
Weapon  Employment  (V) , Field  Manual  101-31-2  (February  1963),  (SECRET) 
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TABLE  VI.  FEATURES  OF  THE  IDEAL  CODE:  CALCULATIONAL  PROCEDURE 


Attributes 


Primary 

Secondary 

Output  is  probability  of  dacuge 

Parallel  runs  performed 

for  each  level  of  damage  and 

simultaneously  in  sensitivity 

each  equipment  type 

studies 

Oa>T.aqe  and  I ts  extent  to  be 

Two  sets  of  error  bars  per  calcu- 

so.'tad  bv  burst  and  cause 

lation:  (1)  uncertainties  in 
data;  (2)  statistical  nature  of 

Multiple  kills  avoided:  remove 

calculation 

inactive  units  at  each  deton- 

at  ion 

User  option  to  request  damage  at 
any  unit  size  (up  to  theater 

Does  not  use  cockle -cutter 

size) 

procedure 

Nuclear-created  obstacles  flag^jed 

Code  should  be  Independently 

assessed 

for  deployment  consideration 

User  reallocates  weapon  laydown 
at  each  detonation  (Interactive) 

Facility  to  interact  with  a 
standard  fallout  model 

Use  of  common  computer  and 
language 

damage  probability  versus  environment  Intensity  curve  for  the  Item  of 
interest.®"®  At  any  rate,  the  vulnerability  data  must  include  all 
important  damage-causing  environments. 

The  calculatlonal  procedure  (table  VI)  basically  consists  of  putting 
together  the  environment  that  a target  experiences  amd  the  target's 
vulnerability  to  calculate  the  probability  of  damage  suffered  by' that 
target.  One  of  the  major  output  capabilities  of  the  nuclear  damage 
assessment  routine  is  that  it  can  collate  the  battlefield  damage  in  any 
fashion  specified  by  the  user  (as  examples,  by  environment  or  by  burst 
nvonber) . 


E.  Sweeney,  Jr.,  A Vulnerability  Array  for  Tactical  Nuclear 
Warfare  Studies,  Proceedings  of  the  37th  MORS  Symposium  (Military 
Operations  Research  Society),  Alexandria,  VA  (June  1976), 

L.  Vault  and  tf.  E.  Sweeney,  Jr.,  The  Vulnerability  Data  Array, 
American  Defense  Preparedness  Association  Vulnerability/Survivability 
Proceedings  (October  1976) . 

®/C.  LePoer,  BMP  Survival  Profiles  for  Tactical  Equipment,  American 
Defense  Preparedness  Association  Vulnerability/Survivability  Proceedings 
(October  1976) . 


Figure  1 shows  the  basic  flow  scheme  for  the  nuclear  damage  assess- 
ment routine.  Composing  the  routine  of  separate  modules  Is  useful  both 
for  debugging  and  for  future  applications  of  the  routine  either  as  a 
subsection  of  a larger  code  or  as  a damage  assessment  routine  by  Itself. 


Nuclear  Environments 
Module 

Yields,  hob's,  types, 
OGZ's,  CEP's 
Weapons  uncertainties 
Terrain,  weather 


Target  Array  Module 

Target  Identity, 
Location,  size,  shape 
Uncertainties 


U 


ii 


Vulnerability  Array 
Module 

P.  for  each  target 
type  versus  environment 
Intensity  (EJ, 
Uncertainties 


1^^  Environment  Intensity  (E.) 
versus  target  range  (r.)l 
uncertainties  -I 


P, (E.)  for  scenario  and  uncertainties 
k I 


^ c:/ 


It 


OUTPUT 

P|^  in  each  damage  category  to  each  target  by  cause ^ 
Damage  contours 
Total  damage  scores 


Figure  1.  The  basic  flow  scheme  of  the  Ideal  nuclear'  damage  assessment 
routine . 


We  are  now  in  a position  to  compare  the  attributes  of  the  Ideal  code 
to  those  of  the  nine  codes  In  contention  (sect.  4)  In  order  to  determine 
by  stringent  selection  criteria  (sect.  6)  which  of  these  nine  codes  are 
appropriate  to  the  needs  of  TNP/S  and  the  needs  of  an  Independent 
nuclear  damage  assessment  routine. 


6.  .'TRINGENT  SELECTION  CRITERIA 

This  section  sets  forth  stringent  selection  criteria  that  are 
relevant  to  the  performance  of  the  nuclear  damage  assessment  routine  to 
be  applied  to  the  TNF/S  analyses.  In  section  7 these  criteria  are 
applied  to  the  nine  codes  that  survived  the  first  round  of  selection. 
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The  primary  emphasis  Is  on  I/O  characteristics  of  the  routines  and 
their  processing « especially  In  regard  to  the  proper  use  of  vulner- 
ability data  and  the  applicability  of  the  output  to  sensitivity  studies. 
The  specific  criteria  are  listed  in  toddle  VII.  The  scentirlos,  weapons  > 
environments,  and  vulnerabilities  all  come  under  the  heading  of  Input, 
whereas  the  output  consists  of  the  probability  of  dcmage,  as  descrlbt.'d 
earlier  (sect.  5) . The  processing  Is  concerned  with  the  method  used  by 
each  code  to  obtain  the  probability  of  damage  (see  below) . As  Is 
discussed  In  section  7,  the  main  downfall  of  five  of  the  nine  codes  lies 
with  the  methods  by  which  they  calculate  the  probability  of  damage  to  a 
target.  Accordingly,  some  detail  Is  provided  here  concerning  the 
various  methodologies  for  calculation  of  damage  probabilities. 


TABLE  VII.  STRINGENT  SELECTION  CRITERIA 
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There  are  currently  two  commonly  used  target  damage  methodologies. 
The  first  Is  referred  to  as  dash  two  (because  It  Is  taken  from  the  field 
manual  FM  101-31-2)^  that  was  developed  by  the  Army  Nuclear  Agency  and 
intended  for  tactical  uses.  Its  data  base  Is  primarily  the  DNA 
Effects  Manual  Mo.  1 (EH-1) The  second  eunalysis  methodology,  commonly 
referred  to  as  AP-550,  was  developed  by  tiie  Defense  Intelligence  Agency 
(DlA)  for  strategic  targeting.^®  It  has  been  found  ^at,  given  the  seune 
scenario  wd  weapon  laydown,  the  two  methodologies  do  not  always  produce 
the  same  damage  probabilities  and,  on  occasion,  have  been  fovuid  to  give 
widely  varying  results.* 


^Department  of  the  Army,  Staff  Officers’  Field  Manual,  Nuclear 
Weapons  Employment  (U) , Field  Manual  101-31-2  (February  1963),  (SECRET) 
^Defense  Nuclear  Agency,  Capabilities  of  Nuclear  Weapons  (V) , 
(Part  1 of  2) , Effects  Manual  Nwaber  1 (July  1972) . (SECRET  RESTRICTED 
DATA) 

^^Defense  Intelligence  Agency,  Physical  Vulnerability  Handboo)z— 
Nuclear  Weapons  (U) , AP-550-1-2-INT  (June  1969) . (CONFIDENTIAL) 

*Material  presented  by  Charles  Sommers  of  BDM  at  a Defense  Nuclear 
Agency  briefing. 


The  details  of  the  two  methodologies  (AP-550  and  dash  two,  as  based 
on  'EM-!)  are  of  concern  here  only  Insofar  as  they  affect  the  nuclear 
damage  assessment  calculations,  and  this  Is  the  emphasis  given  to  them. . 
Details  of  their  methodologies  have  been  published.^ 

The  drawbacks  to  EM-1  Involve  Its  inaccuracies  at  low  yields  and 
short  remges,  cases  that  are  likely  to  be  of  strong  Interest  to  tactical 
warfare  games.  The  degree  of  damage  Is  given  by  a series  of  damage 
categories  ' and  Is  less  useful  for  sensitivity  studies  them  a continuous 
scale.  As  an  example.  If  the  nuclear  environment  Is  slightly  Increased 
(as  by  mildly  Increasing  weapon  yield)  and  the  corresponding  Increase  In 
damage  probeiblllty  Is  Insufficient  to  alter  the  resulting  category  of 
damage,  the  output  of  the  code  employing  this  methodology  would  remain 
unchanged.  This  despite  the  fact  that  the  probability  of  damage  has 
been  increased!  Specific  drawbacks  to  the  dash-two  methodology  (that 
employs  EM-1)  are  that  (1)  the  user  cannot  Input  other  than  stockpiled 
weapons  to  the  computer  codes  that  back  up  the  manual,  although  these 
programs  can  be  so  modified  on  short  notice;  (2)  It  Interpolates 
linearly  between  the  effects  of  different  weapon  types,  despite  the  fact 
that  this  is  physically  unfounded;  and  (3)  due  to  the  inability  to  vary 
the  weapon  yield  or  type,  it  is  not  a useful  tool  for  war-gaune  efforts 
or  sensitivity  studies, 

The  AP-S50  methodology  Is  based  on  the  results  obtained  from  20-kT 
ar»d  1-MT  weapon  yields— other  yields  require  scaling  from  thase  values. 
The  methodology  is  tied  to  one  HOB  criterion.  But  the  most  serious 
drawback— Indeed,  one  that  will  render  un5ultad>le  any  codes  employing 
its  Ui  e— is  tl  e concept  of  weapon  radius.  The  output  of  AP-500  Is  a 
weapon  radius  that  gives,  for  example,  50-percont  probability  of  damage. 
Since  he  ca.not  determine  the  cause  of  dcjnage,  the  user  Is  unable  to 
alter  his  input  in  order  to  modify  the  extent  of  the  damage.  Thus, 
sensitivity  analyses  are  precluded,  as  well  as  proper  use  of  vulner- 
ability data,  thereby  confounding  the  determination  of  hardening  fixes 
that  help  to  prevent  the  occurrence  of  such  damage. 


^Department  of  the  Army,  Staff  Officers’  Field  Manual,  Nuclear 
Weapons  Employment  (U) , Field  Manual  101-31-2  (February  1963),  (SECRET) 
^Defense  Nuclear  Agency,  Capabilities  of  Nuclear  Weapons  (V) , 
(Part  1 of  2)  , Effects  Manual  Number  1 (July  1972) . (SECRET  RESTRICTED 
DATA) 

^^Defense  Intelligence  Agency,  Physical  Vulnerability  Handboo]t— 
Nuclear  Weapons  (U) , AP-550-1-2-INT  (June  1969) , (CONFIDENTIAL) 
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7.  SECOND-ROUND  SELECTION 

As  described  at  the  end  of  section  4,  nine  codes  (table  III)  wer* 
found  to  have  nuclear  damage  assessment  routines  that  were  Identified  as 
potentially  useful  both  to  needs  of  TNF/S  and  to  the  requirements  of  a 
flexible  nuclear  damage  assessment  code  that  could  stand  alone.  The 
features  of  an  Ideal  code  ware  esteJsllshed  In  section  5 and  they  seirve 
as  a baseline  against  which  to  compare  the  nine  candidate  codes  using 
the  stringent  selection  criteria  set  forth  In  section  6.  At  this  point 
In  the  analysis,  the  stringent  selection  criteria  were  applied  to  the 
nine  codes  to  determine  If  one  or  more  of  these  can  be  used  "off  the 
shelf"  with  suitable  modifications,  or  if  a new  code  must  be  developed. 

The  format  for  comparison  of  the  codes  Is  a matrix.  The  matrix  uses 
the  nuclear  hit  and  nuclear  kill  categories  and,  specifically,  the 
question  areas  of  the  survey  questionnaire  (tzd>le  I) . The  nuclear  hit 
comparison  matrix  Is  given  In  table  VIII.  The  entries  In  the  matrix  use 
the  following  key: 

+ Indicates  that  the  code  in  question  has  the  capeUslllty  required  by 
that  survey  question  area  In  sufficient  detail  to  be  appropriate  to  the 
needs  of  both  TNF/S  and  the  development  of  an  Independent  nuclear  damage 
assessment  routine, 

0 Indicates  that  this  capability  can  be  Input  by  ty-»e  user,  and 

- Indicates  that  the  code  does  not  properly  address  the  question 
area  and  that  the  code  In  question  would  have  to  be  modified  (If  this  Is 
possible)  to  adequately  address  this  question  area. 

The  Individual  "scores"  of  +,  0,  or  - within  the  matrix  of  table  VIII 
were  compiled  from  data  gathered  through  telephone  conversations  and 
limited  reviews  of  available  documentation.  Accordingly,  although  It  Is 
considered  that  these  entries  are  reasonedsly  accurate  for  providing 
relative  comparisons  and  judgments,  the  entries  do  have  "error  bar 
widths"  commensurate  with  their  data  sources. 

The  total  "nuclear  hit  score"  (+  has  a "score"  of  1,  0 has  0,  - has 
-1)  for  each  of  the  nine  codes  (and  the  ideal  code  as  well)  is  given  at 
the  bottom  of  the  matrix.  From  a nuclear  hit  point  of  view,  the  scores 
of  Brigade  Survivability  and  NUFAM  are  comparable  to  the  score  of  the 
ideal  code  and  are  separated  by  quite  a gap  from  the  scores  of  the  other 
codes. 
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Th«  nucltiur  kill  conparlson  matrix  is  praaantad  in  tabla  IX  and  uses 
tha  lama  kay  as  tha  nuclear  hit  comparison  matrix  In  tabla  VIII.  The 
"total  scores"  from  tables  VIII  and  IX  are  presented  at  tlia  bottom  of 
tha  matrix.  On  the  basis  of  the  total  score,  Brigade  Survivability  Is 
tha  only  candidate  code  that  shows  strong  promise.  It  also  scored  wall 
in  both  tha  nuclear  hit  and  kill  categories. 


TABLE  IX.  NUCLEAR  KILL  COMPARISON  MATRIX 


lOIAL 

■NIC 

SUNV 

OOSOIS 

SWKPS 

LADCAN 

LANDEN 

NONANE 

tnvl  roniMot 

lUit 

4 

4 

4 

4 

4 

4 

4 

Total  doio 

4 

4 

4 

4 

4 

4 

4 

Neutron 

4 

4 

4 

• 

• 

4 

4 

The  rmal 

4 

4 

4 

4 

4 

4 

EHP 

4 

4 

4 

■( 

4 

• 

• 

• 

• 

• 

Nellebla  data  lourca 

4 

IH-I 

EM-1 

EM-1 

AF-550 

AF-550 

EXFEAT5 

FItxIblUty 

0 

4 

4 

4 

4 

4 

beathar,  tarrain 

4 

4 

• 

4 

uncartaintlat 

0 

• 

- 

• 

0 

- 

Par^onnal 

Oata  iourcas 

EM-I 

EM-1 

EH-I 

AF-550 

NUA 

EXFEATS 

Poftura,  flaxlblllty 

4 

4 

4 

4 

4 

• 

0 

Tima  dapandanca 

0 

0 

4 

4 

• 

llait 

4 

4 

4 

4 

4 

4 

4 

Total  dote 

4 

4 

4 

4 

4 

4 

4 

Tbarmal 

4 

4 

4 

0 

4 

4 

Cqulomant 

Hast 

4 

4 

4 

4 

♦ 

4 

4 

Total  dote 

4 

0 

0 

4 

0 

Nautron 

4 

4 

4 

0 

• 

0 

Tha  rmal 

4 

0 

4 

4 

EMP 

4 

4 

• 

0 

i 

4 

• • 

. 

Data  lOurca 

EM-1 

EM-1 

EN-I 

AP-S50 

AF-550 

EXPERTS 

Laval  of  damaga 

4 

4 

4 

4 

u 

Time  to  repair 

Nathamatlcal  approach 

0 

Cookie  cutter 

vartui  probabi 1 litic 
Nonce  Carlo, 

4 

- 

4 

4 

4 

- 

deterministic 

Uncertainties 

4 

4 

♦ 

4 

4 

4 

treated 

0 

4 

. 

* 

Edit  capability 

4 

4 

0 

4 

0 

4 

4 

Haanlngful  output 

4 

4 

♦ 

4 

4 

4 

4 

"TOTAL  KILL  SCONE" 

23/28 

15/28 

o/ia 

3/28 

-2/28 

6/28 

6/28 

"TOTAL  SCORE" 

38/86 

26/86 

7/W 

6/86 

-2/86 

9/86 

6/46 

0,  us#r  can  input  this  capaftiiity 
coda  doaa  not  havo  thia  capa^iiit|f 


NUFAM  TACHUC  TANDEM 


AF 


sso 


AF^SSO 

♦ 


AF-550 

4> 


AF-5$0  ap-$so  af  sso 


0 ♦ 1 

♦ * * 

♦ ♦ ♦ 


♦ 

♦ 

♦ 

♦ 


♦ 


AF-SSO  AF-SSO 

- 4 

0 


AF-550 

4 


- 4 4 

• 4 4 

0 

4 4 0 

-a/28  -3/28  -8/28 

la/u  k/H  -I/A8 


23 


In  addition  to  the  nuclear  hit  and  nuclear  kill  comparison  matrices 
of  tables  VIII  and  IX,  It  Is  worthwhile  to  display  alone  the  nuclear 
environments  used  In  each  code.  These  are  shovm  In  table  X.  A dot  In 
the  matrix  Indicates  that  the  code  In  question  does  not  possess  the 
ability  to  calculate  damage  probability  due  to  the  Indicated 
environment.  Fiom  the  entries  In  table  X,  It  appears  from  the  point  of 
view  of  nuclear  environments  that  Brigade  Sux'vlvablllty,  LADCAB,  and 
LANDEM  are  first-rate  codes. 


TABLE  X.  NUCLEAR  ENVIRONMENTS  COMPARISON  MATRIX* 
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Although  the  three  matrices  of  tables  VIII  through  X permit  a 
category-by-category  comparison  of  the  codes,  they  do  not  Indicate 
quantitatively  just  how  appropriate  a given  code  really  Is.  To  answer 
this  question,  the  stringent  selection  criteria  of  section  6 are  Invoked 
at  this  point.  The  results  of  applying  these  criteria  Eure  presented  as 
a matrix  In  table  XI,  the  difficulty  matrix.  The  categories  that  are 
numbered  down  the  left  side  of  the  table  correspond  to  the  numbered 
categories  In  the  stringent  selection  criteria  table  (table  VII) . An  x 
In  the  matrix  Indicates  a difficulty  in  a given  category  for  a given 
code.  A dot  entry  In  the  matrix  indicates  that  the  difficulty  is 
sufficiently  serious  to  warrant  deleting  the  code  from  further 
consideration. 

Of  paurtlcular  importance  are  the  entries  In  category  11  for  lADCAR, 
LANDEM,  NUFAM,  TACNUC,  and  TANDEM.  These  codes  use  the  AP-550 
methodology  and,  as  discussed  In  section  6,  codes  using  such  methodology 
are  deleted  from  further  consideration  alnce  their  outputs  are  not 
suitable  for  the  performance  of  sensitivity  studies. 

The  only  major  problem  area  associated  with  Brigade  Survivability  is 
that  the  code  employs  a weapons  allocation  routine,  so  that  the  user 
cannot  choose  the  weapons  laydown,  an  important  capability  for 
sensitivity  studies.  Presumably,  this  routine  could  be  altered  without 
excessive  difficulty.  The  only  major  difficulty  with  DOSDIS  is  that  It 
Is  not  a government-available  code;  It  Is  proprietary  to  Stanford 
Research  Institute  (SRI).  The  Scientific  Applications,  Inc.  (SAI)  code, 
NONAME,  uses  the  same  basic  methodology  as  that  employed  by  Brigade 
Survivability.  As  fu  as  nuclear  damage  assessment  Is  concerned, 
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TABLE  XI.  THE  DIFFICULTY  MATRIX 
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NONAME  can  b«  regarded  aa  the  same  as  Brigade  r arvlvabillty.  It  Is, 
however,  not  available  for  use  In  Its  present  form.  The  positive  and 
negative  attributes  of  all  nine  candidate  codes  are  given  in  appendix  C. 

The  intent  of  this  survey  was  to  mlniadze  the  need  for  a detailed 
technical  investigation  of  the  many  existing  tactical  xniclear  warfare 
codes  by  sorting  out  those  of  obvious  (and  not  so  obvious)  nonrelevance 
to  the  needs  of  TNF/S.  Accordingly,  this  selection  of  codes  is  Indeed 
superficial  from  the  technical  point  of  view.  Nevertheless,  It  reduced 
to  three  the  number  of  codes  that  warrant  detailed  consideration 
(Brigade  Survivability,  DOSDIS,  and  DWEEPS) . Basically,  these  three 
codes  have  the  correct  structure,  but  it  is  not  now  known  whether  they 
are  IntemaMy  correct,  or  even  accurate,  or  whether  they  can  handle  the 
sensitivity  .studies  currently  envisioned  for  TNF/S. 

At  any  rate,  the  survey  indicates  also  that  all  three  codes  require 
substantial  revisions  before  being  acceptable  for  the  needs  of  mF/S  and 
for  use- as  a definitive  nuclear  damage  assessment  routine.  Brigade 
Survivability  must  be  modified  to  permit  user-chosen  laydowns  that  are 
not  based  upon  "target  value"  as  is  specified  now  within  the  code. 
DOSDIS  must  be  released  from  its  proprietary  position  and  must  be 
modified  to  incorporate  the  thermal,  EMP,  and  > environments.  DNEEPS 
must  also  Incoxrporate  the  thermal  (for  equipment),  EMP,  amd  y 
environments.  Hie  nuclear  damage  assessment  routines  in  each  of  these 
codes  must  be  modularized  enough  to  be  used  independently  of  their 
respective  parent  codes. 
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3.  DETAILS  OF  APPROPRIATE  CODES 


This  section  describes.  In  some  detail,  the  three  codes  (Brigade 
Survivability,  DOSDIS,  and  DWEEPS)  that  were  ascertained  Jn  section  7 to 
be  appropriate  to  the  needs  of  TNF/S,  as  well  as  to  possess  the 
characteristics  needed  of  an  Independent  nucleeu:  damage  assessment 
routine.  Details  of  the  other  six  codes  (sect.  4)  that  did  not  meet  the 
stringent  selection  criteria  of  section  6 are  given  In  appendix  C. 
Briefer  descriptions  of  all  the  codes  encountered  during  the  perfomumce 
of  this  survey  cure  listed  In  api)endlx  A. 

8,1  Brigade  Sxirvlvablllty 

A survivability  model*  was  developed  to  expedite  the 
deteirmlnatlon  of  surviving  assets  euid  to  provide  a mechamlsm  or  basis 
for  further  evaluations.  Within  the  model  Is  a routine  for  surveying 
detailed  damage  to  a deployed  brigade  or  division  In  terms  of  target 
type,  combat  units,  and  functional  areas  affected  by  the  nuclear  attack 
as  a function  of  time  and  nuclear  resources,  as  well  as  a listing  and 
description  of  the  targets  used  In  the  study.  The  model  results  2u:e 
presented  In  terms  of  an  overview  of  the  damage.  Including  the  fraction 
of  the  combat  units  damaged  to  specified  levels  by  each  type  of  weapon 
effect  amd  the  combat  functional  2u:eaE  destroyed  per  combat  phase. 

The  key  elements  or  submodels  of  the  combat  system 
survivability  model  are  the  aoqulred  target  list  model,  the  weapons 
allocation  model,  and  the  direct  damage  calculation  model. 

The  acquired  tcurget  list  model  operates  on  the  available  list 
of  targets  to  determine  the  number  of  each  type  of  target  acquired. 
This  selection  of  acquired  targets  Is  determined  by  estimates  of  the 
probability  of  target  acquisition.  A Monte  Carlo  technique  Is  employed 
to  specify  vdilch  targets  of  a given  type  are  required  so  that  the 
expected  damage  to  targets  ceui  be  assessed  as  a function  of  time  and 
retained  for  later  use. 

Weapons  eu:e  allocated  against  the  acquired  list  by  use  of  the 
weapons  allocation  model,  which  can  account  for  desired  attack 
strategies  and  constraints  on  available  weapons.  Wie  weapons  are 
allocated  according  to  target  value  and  2d3lllty  to  kill  each  target  by 
using  a modified  Lagrange  Multiplier  technique.  Target  value  depends 
upon  target  Importance  or  priority,  ability  to  acquire  each  type  of 
target,  n\aaber  of  each  type  of  target,  and  ability  to  kill  each  type  of 


^Material  presented  by  Charles  Sommers  of  BDH  at  a Defense  Nuclear 
Agency  briefing. 
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t6u:get.  Yields  axe  based  upon  the  strategy  of  either  matching  target 
vulnerability  with  the  appropriate  yield  or  achieving  Increased  target 
damage  against  adjacent  targets  (bonus  effects) . 

The  damage  calcuatlon  model  uses  the  designated  burst  point 
from  the  weapons  almpolnt  model  and  the  warhead  yield  defined  by  the 
weapons  allocation  model  to  specify  the  damage  to  all  teurgets  near  the 
burst  point  of  the  nuclear  warhecui. 

Multiple  targets  are  taken  Into  account  as  point  targets  within 
the  target  acquisition  portion  of  the  code.  The  teurget  C2m  be  resolved 
Into  4-km  by  4>km  squares,  with  20  subtargets  possible  per  square. 
Teurget  orientation  cannot  be  specified.  Five  personnel  postures  can  be 
Input  and  personnel  grids  cem  overlap  the  equipment  grids. 
Communication  links  are  Included  by  listing  such  specific  Items  as 
radios.  One  can  Input  errors  In  target  location.  The  teurget  allocation 
routine  centers  target  centroids  on  those  portions  of  the  targets  that 
are  detected. 

The  weapons  laydown  routine  allocates  all  weapons  whose  yields 
are  chosen  to  match  the  t2u:get  vulnerabilities  In  order  to  achieve  a 
desired  degree  of  damage.  The  programming  avoids  multiple  kills. 
Weapon  HOB,  range,  OGZ  selection,  CEP,  emd  weapon  reliability  are  all 
chosen  by  the  routine. 

The  nuclear  environments  axe  teOcen  from  EM-1  and  from 
discussions  with  field  and  laboratory  workers.  The  environments  include 
blast  (even  the  terrain  effects),  total  radiation  dose,  neutron  fluence, 
thermal,  and  EMP  (only  for  vertical  antennas),  but  no  effects.  The 
effects  of  weather  euid  terrain  eure  Included  In  calculating  the  thermal 
environment.  There  are  no  uncertainties  associated  with  the 
environments  calculations. 

Personnel  vulnerabilities  Include  blast,  total  reuilatlon  dose, 
emd  thermal  effects.  Only  immediate  Incapacitation  is  considered.  Time 
dependence  of  personnel  vulnerabilities  Is  Included  only  In  a 
snapshot-by-snapshot  numner.  The  code  does  calculate  multiple  dose 
effects  and  can  group  personnel  casualties  by  dose  and  by  cause. 

Equipment  Is  considered  to  be  vulnerable  to  blast,  neutron 
fluence,  and  EMP.  Thermal  and  t effects  are  not  included.  The  three 
levels  of  damage  are  light,  moderate,  and  severe.  There  Is  no  account 
tedcen  of  time  to  repair. 

The  mathematical  approach  is  based  upon  EM-1  and  Its  scaling 
laws.  It  Is  probabilistic  rather  than  cookie-cutter  in  that  It  uses 
adjust^d^le  confidence  levels.  It  equates  probability  of  kill  with 
fractional  coverage,  which  Is  invalid  for  small-yield  weapons  and  low 
damage  levels.  There  are  extensive  editing  capabilities.  This  modular 
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code  is  not  proprietary,  was  written  in  FORTRAN  IV,  and  runs  on  a 
Control  Data  Corporation  (CDC)  6400  computer.  SAI's  continual 
assessment  of  the  code  is,  unfortunately,  not  independent  since  they 
created  the  code.  The  code  is  capable  of  calculating  both  direct  and 
Indirect  losses. 

8.2  DOSDIS 

The  DOSDIS*^  computer  model,  proprietary  to  SRI,  was  developed 
to  estimate  the  prompt  effects  of  nuclear  bursts  and  to  assess  damage  to 
mlliteury  units  and  civilian  population  centers,  it  uses  data  presented 
in  EM-1  to  determine  blast  casualties  for  10  personnel  postures  and  to 
compute  the  neutron  radiation  dose,  the  secondary  gamma-ray  dose,  emd 
the  fission-product  gamma-ray  dose  received  by  survivors  of  blast 
effects  and  conventional  weapons'  fire.  Immediate  " Ineffectives"  and 
long-term  fatalities  due  to  radiation  eure  estimated  for  a maximum  human 
biological  response.  The  model  is  designed  for  a two-sided 
multiple-burst  attack,  with  military  units  either  stationary  or  mobile. 
The  model  also  provides  the  user  with  the  option  of  including  weapon 
CEP's  to  determine  the  AGZ  of  each  weapon  burst  emd  the  option  of 
including  CEP's  to  determine  the  actual  location  of  each  military  unit 
or  population  center.  These  latter  CEP's  are  input  to  accoiint  for 
target  acquisition  errors.  A summary  t£d3le  provides  an  estimate  of  the 
total  number  of  immediate  ineffectives,  long-term  fatalities,  and 
survivors  by  unit  types  or  by  covmtries. 

The  input  consists  of  weapons  laydown,  resource  data,  maneuver 
data  (when  applicable) , and  functional  titles  for  printout.  The  output 
categories  are  (1)  individual  weapon  affecting  each  unit,  (2)  table 
indicating  the  distribution  of  survivors  by  the  burst  number  for  each 
unit  in  various  prompt  dose  levels,  and  (3)  the  immediate  Ineffectives 
and  the  long-term  fatalities  emd  the  long-term  survivors  by  20  minor 
functional  categories  (or  alllwces) . 

There  are  limitations  to  the  inputs:  36,000  stationary  units 
or  6000  maneuverable  units,  1300  weapons,  99  weapon  types,  10  personnel 
postures,  8 weapon  warhead  designs,  20  time  frames,  0.01  to  10,000  kT 
weapon  yield. 

The  computer  used  a CDC  6400,  the  language  is  FORTRAN  IV, 
operating  in  a batch  mode,  with  70  K storage  required.  Two  optional 
tape  files  2md  nine  scratch  files  are  needed  for  resource  emd  weapon 
laydown.  The  time  requirements  are  5 s central  processing  units  (CPU) 
time  for  processing  40  weapons  against  50  maneuverable  units.  The  code 
is  unclassified. 


Stanford  Research  Institute,  DOSDIS — A Computer  Model  to  Estimate 
the  Prompt  Effects  of  Nuclear  Bursts  and  to  Assess  Damage  to  Military 
Units  and  Civilian  Population,  SRI  Project  No.  90COV  (April  1975), 


Multiple  targets,  up  to  about  400,  all  circuleu:  but  of  amy 
size,  are  specified  in  the  input.  No  further  breedcdown  is  possible,  but 
these  targets  can  be  as  small  as  squad  size.  The  target  locations  aro 
user  specified,  emd  the  code  can  be  modified  to  introduce  target 
location  error  via  the  weapon  CEP.  Personnel  eure  uniformly  distributed 
in  a target.  Personnel  grids,  consisting  of  10  postures,  cem  overlap  no 
more  than  two  different  equipment  grids  (e.g.,  tanks  and  jeeps),  but 
personnel  cemnot  be  located  within  the  target  ci'  ^les.  Target 
orientation  cannot  be  specified,  nor  can  equipment  criticality  nor 
communication  links.  Target  motion  is  Included  by  programming  and  ceui 
accept  up  to  20  time  frames.  However,  there  can  be  no  target  motion 
during  delay  times. 

Multiple  weapons  laydown  can  be  specified.  Multiple  kill 
volumes  are  avoided.  The  weap>on  range  HOB,  DGZ,  and  CEP  eure  input  by 
the  user.  A slight  modification  of  the  code  could  be  meuie  to  accept 
weapon  relledslllty  ("Monte  Carlo'ed")  as  input. 

Thermal,  EMP,  and  effects  are  lacking  (although  slight 
changes  in  the  code  could  alter  y inadequacies) . Blast  is  calculated  in 
detail,  and  neutron  fluence  is  treated,  as  is  total  radiation  dose. 
Their  data  source  is  EM-1.  There  eure  no  weather  or  terrain  effects,  nor 
are  uncertainties  in  the  environments  specified.  The  user  cem  input 
specific  changes  in  warhead  design  to  alter  gamma,  neutron,  or  blast 
output. 

Personnel  vulnerability  is  the  prime  emphasis  of  the  code  and 
treats  blast  (overpressure  and  dynamic  pressure)  emd  total  radiation 
dose.  Thermal  effects  eure  lacking,  but  multiple  dose  exposures  eure 
included.  The  output  cannot  group  casualties  by  dose. 

In  essence,  the  equipment  vulneredjility  involves  a 
cookie-cutter  approach  in  that  the  deunage  is  user  specified  emd  then  a 
blast  radius  is  calculated  to  give  isodamage  contours.  Neutron  fluence 
is  also  calculated  for  equipment  damage  but  uses  a probabilistic  method. 
There  is  no  equipment  damage  caused  by  thermal,  EMP,  or  -y'  effects. 
There  is  no  inclusion  of  time  to  repair  equipment. 

The  weapons  laydown  involves  a Monte  Carlo  approach  for  weapon 
CEP  considerations,  but  no  statistical  analysis  is  performed  as  a result 
of  this  uncertainty.  The  code  is  proprietary  to  SRI  and  is  made 
moduleu:.  No  independent  assessment  of  the  code  nas  been  made.  There  is 
no  target  acquisition  scheme  tied  to  the  code.  One  potentially  useful 
aspect  of  the  code  is  that  the  user  can  vary  the  calculation  in  a 
variety  of  steps  from  a purely  probabilistic  approach  to  that  of  a 
cookie  cutter.  The  code  has  a chemical  warfare  module. 
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8.3  DWEEPS 


DWEEPS^^  Is  a digital  computer  code  for  simulating  the 
employment  of  tactical  nuclear  weapons  (only)  against  a static  or 
dynamic  representation  of  ground  forces  and  for  assessing  the  resultant 
militeury  casualties  and  damage  and  collateral  clvillem  damage.  The  code 
has  been  used  to  investigate  relationships  among  target  intelligence 
capeOsilitles,  weapon  system  characteristics,  employment  doctrine, 
millteury  effects,  cind  collateral  damage. 

Two  versions  of  the  code  have  ’oeen  developed:  a version  for  a 
CDC-7600  computer  using  hard  copy  I/O  and  an  interactive  version  for  an 
XDS  Sigma  7 computer  with  graphical  I'/O  capability.  Both  codes  eure 
one-sided,  Monte  Carlo,  and  mixed  deterministic  emd  stochastic.  Target 
intelligence  is  time  stepped  and  weapons  employment  is  event  stepped  in 
the  CDC-7600  version.  The  graphical  I/O  version  is  time  stepped.  Both 
eure  currently  dimensioned  for  50  nuclear  weapons,  1000  millt£u:y  units  of 
any  aggregation,  cind  1000  locations  of  civili2ms.  The  codes  assess 
military  and  civilian  casualties  and  damage  resulting  from  prompt 
nuclear  radiation,  thermal  radiaton,  emd  blast.  Multiple  weapon  effects 
and  bonus  military  effects  eure  considered. 

Input  consists  of  the  military  force  data  base,  the  clvlliem 
data  base,  target  intelligence  capeibllities,  emd  a vwapon  employment 
plem.  Output  consists  of  detailed  and  summarized  assessments  of 
military  and  civilian  casualties  and  damage.  The  codes'  limitations  are 
that  they  are  one-sided,  are  nucleeur  only,  and  do  not  consider  terrain 
effects.  EM-1  methodology  is  used. 

Both  versions  require  from  a few  days  to  a few  weeks  to  prei'are 
military  and  civilian  data  bases.  Analysis  of  target  intelligence  and 
development  of  a weapon  employment  plan  require  2 hr  when  using  the 
CDC-7600  version,  but  only  a few  minutes  on  the  Sigma  7.  Employment  of 
20  weapons  against  a division-sized  force  requires  2dx>ut  1/2  min  of 
CDC-7600  computer  time.  The  same  simulation  can  be  performed  on  the 
Sigma  7 in  edxiut  15  min,,  This  includes  display  of  target  intelligence, 
development  of  a weapon  employment  plan,  simulated  employment  of  the 
weapons,  damage  assessment,  smd  display  of  the  results.  Analysis  of  the 
results  requires  from  a few  minutes  to  2 hr,  depending  on  the  objectives 
of  the  user.  The  codes  are  unclassified  without  a data  base  and  are 
used  £dx)ut  100  times  per  year.  The  technical  contact  Is  Robert  P.  Card, 
University  of  California,  Lawrence  Livermore  Laboratory,  P.0,  Box  808 
L-95,  Livermore,  CA  94550. 


^"Lawrence  Livernore  Laboratory,  DWEEPS:  A Computer  Code  for 

Simulating  the  Employment  of  Tactical  Nuclear  fteapons  (U) , UCRL-51429 

(July  1973) . (SECRET  RESTRICTED  DATA) 
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The  target  shapes  are  rectangles  whose  sizes  are  user  chosen 
and  located  by  latitude  and  longitude.  Usually,  company  sizes  are 
employed,  although  platoon-sized  targets  can  be  handled.  The  target 
orientation  cannot  be  specified.  The  user  chooses  the  number  of  target 
elements  (and  their  resolution)  that  subdivides  a given  teirget  into 
s\]bueas  of  uniform  value.  The  equipment  grids  can  overlap  those  of  the 
personnel  and  up  to  about  15  personnel  shielding  factors  are  available. 

The  code  does  not  place  "value"  on  the  criticality  of 
equipment.  Communication  links  are  not  dealt  with.  The  user  is  able  to 
input  target  location  uncertainties  through  weapon  CEP  and  through 
probedjility  of  knowledge  (POK)  tables.  Target  motion  is  possible, 
making  the  code  a dynamic  one.  Target  acquisition  has  been  modified  in 
the  past  to  account  for  detection  of  a teurget  subelement  that  is  not 
coincident  with  the  target  centroid. 

The  weapon  yield  is  input  by  either  yield  menu  or  weapon-type 
menu.  The  weapon  HOB  is  calculated  once  the  DGZ  zurid  CEP  2ure  selected  by 
the  user.  There  is  no  ability  to  accept  input  concerning  weapon 
reliability.  The  code  does  avoid  multiple  kill  volumes  in  its  output. 

The  nuclear  environments  include  blast,  thermal  (but  not  for 
equipment) , £md  total  reidlatlon  dose  (but  not  neutron  fluence) . No  EMP 
or  f is  included.  No  uncertainties  in  the  nuclear  environments  can  be 
input.  The  weather  is  taken  to  be  solely  that  representing  an  average 
clear  day. 

Personnel  vulnerability  categories  include  blast,  thermal,  and 
total  radiation  dose.  Casualties  can  be  binned  by  dose  in  the  output. 
The  personnel  postures  (shielding)  Ccm  be  time  dependent.  Data  eure 
taken  from  the  Army  Nuclear  Agency. 

Equipment  is  only  vulnerable  to  blast,  and  level  of  damage  is 
in  the  EM-1  format.  There  is  no  consideration  given  to  time  to  repair, 
despite  the  fact  that  the  code  is  considered  to  be  dynamic. 

The  mathematical  approach  is  probabilistic,  not  cookie  cutter. 
Monte  Ceurlo  techniques  ue  used  for  the  weapon  delivery,  teurget 
acquisition,  auid  POK.  However,  no  consideration  is  given  to  their 
statistical  fluctuations.  The  program  code  is  in  FORTRAN  IV. 

The  code  is  not  proprietary  and  is  in  modular  form.  Parts  of 
the  code  have  been  indep>endently  assessed  by  RDA.  New  vulnerability 
data  Ccui  be  input  by  the  user  as  he  receives  them,  amd  there  is  the 
ability  to  replay  amy  situation  using  hindsight.  The  age  of  target 
intelligence  is  considered  in  the  operation  of  the  code. 
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9.  CONCLUSIONS 

The  purpose  of  the  survey  reported  here  was  to  select  a nuclear 
damage  assessment  routine  for  the  Theater  Nucleeu:  Force/Survlvabillty 
(TNF/S)  program,  coordinated  by  the  U.S.  Army  Training  and  Doctrine 
Command's  Systems  Analysis  Activity.  A secondary  goal  served  by  the 
survey  was  to  describe  the  current  state  of  the  art  in  nuclear  damage 
assessment  and  to  compare  that  with  capabilities  that  could  be  reeuilly 
developed. 

In  carrying  out  the  survey,  emphasis  was  placed  on  detent,  .ning 
whether  an  existing  code  could  be  taken  off  the  shelf  to  meet  the  needs 
of  TNF/S.  The  procedure  used  to  make  this  evaluation  consisted  of 
surveying  the  Govenment  and  private  sectors  to  locate  relevant  codes  and 
developing  a survey  questionnaire  that  permitted  an  evaluation  of  the 
detailed  technical  aspects  of  each  code  against  an  "ideal  code."  The 
attributes  of  the  ideal  code  should  adequately  serve  the  needs  of 
TNF/S, as  well  as  the  needs  of  any  nuclear  damage  assessment  routine  that 
would  be  required  for  use  in  a larger  war  game  or  for  use  by  Itself. 

The  ability  of  the  cemdidate  codes  to  pass  relevant  selection 
criteria  required  of  the  ideal  code  served  to  identify  appropriate 
codes.  Three  codes  (Brigade  Survivability,  DOSDIS,  and  D^ffiEPS)  were 
found  to  contain  satisfactory  nuclear  damage  calculation  methodology. 
None  of  the  three  codes,  however,  is  especially  sult2d>le  for  the  needs 
of  TNF/S. 

For  applications  where  one  of  these  three  codes  is  not  appropriate, 
cp'.idelines  are  presented  for  the  flow  scheme  of  a usable  calculation 
routine  that  properly  uses  target  vulnerability  data  emd  has  meaningful 
output.  Documentation  is  presented  and  referenced  for  all  the  codes 
considered  in  the  survey  in  a degree  of  detail  commensurate  with  their 
relevance.  In  addition  to  the  flow  scheme  and  features  of  the  ideal 
code,  a listing  is  presented  of  the  positive  attributes  that  might  be 
desired  of  a code  regarding  its  future  application  and  coupling  to  other 
codes. 
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APPENDIX  A.— SURVEYED  CODES  AND  CONTACTS 


This  appendix  provides  listings  and  brief  descriptions  of  the  codes 
examined  in  the  course  of  a survey  of  codes  that  employ  nuclear  damage 
assessment.  The  first  listing  is  alphabetical,  by  code  acronym;  the 
second  is  by  code  originator.  The  information  presented  here  was 
obtained  through  conversations  with  key  technical  personnel  and  through 
documentation,  VIhenever  possible,  these  sources  are  cited. 

ATLAS  I a two-sided/detexrministic  model  involving  land  and  air  forces  at 
the  division  level,  possibly  capable  of  considering  units  as  small  as 
battalion.^  It  is  dynamic  in  steps  of  24  hr.  It  is  a planner's  war 
game.  Output  is  FEBA  (Forward  Edge  of  the  Battle  Area)  motion,  based  on 
ratios  of  opposing  forces  computed  from  firepower  scores.  It  uses 
AP-550  methodology.  It  can  accept  NUFAM  (see  below)  output  as  its  input 
and  may  now  be  modified  to  accept  nucleair  inputs.  The  contact  is  the 
U.S.  Concepts  Analysis  Agency,  Bethesda,  MD. 

BARBAROSAt  a scenario  selection  model  that  sets  up  threats  and  forces 
to  vdiich  a damage  assessment  routine  could  then  be  applied.  The  contact 
is  Richard  Cook  at  Martin  Marietta,  Orlando,  FL,  305-352-3284, 

BRIGADE  SURVIVABILITY:  discussed  in  detail  in  sect.  8,  body  of  report, 
and  appendix  C. 

CASM:  a model  presently  under  development  at  Studies  and  Analysis 
Office,  SAGA;  completion  is  four  years  off.  It  will  be  a tactical, 
nuclear  model,  aggregated  at  the  theater  level  and  will  use  air  and 
ground  forces  as  well  as  C^  (communications,  command,  and  control).  The 
contact  is  the  Air  Force  Chief,  Studies  and  Analysis  Office,  Studies, 
Analysis,  and  Gaming  Agency  (SAGA) , Arlington,  VA,  202-694-8013. 

CATTS/MAFIA;  CATTS  is  an  interactive  war-game  program  used  for  training 
troop  commanders;  MAFIA  converts  CATTS  to  nuclear  form  by  converting 
howitzers  to  nuclear  capability.  It  is  aggregated  at  the  company  level, 
will  not  subdivide  battalions,  and  uses  EM-1  "cookie-cutter"  methodology 
for  prompt  radiation.  The  contact  is  Cliff  Peer,  TRW  Systems  Group,  Los 
Angeles,  CA,  213-535-3620. 

COiBAT  II:  a model  that  deals  with  air /ground  combat,  is  aggregated  at 
the  company  level  and  above,  is  designed  to  provide  an  overview  of 
theater-level  mixed  combat  exchanges,  and  has  as  output  the 
time -dependent  feba.^  It  is  fast-running  emd  useful  for  sensitivity 


^ "ATLAS;  A Tactical,  Logistical  and  Air  Simulation":  RAC-TP  338,  AD 
850355. 

^Defense  Nuclear  Agency  Report  No,  DNA  37 '^IF,  3DM/W-7 5-17 3-TQ  (August 
1975). 
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studies  since  It  Is  a dlfferentlal-equatlons-based  code.  It  has  no 
nuclear  damage  assessment  scheme  for  tactical  nuclear  warfare  use.  The 
contact  Is  John  Bodw»  Braddock,  Dunn,  and  McDonald,  McLean,  VA, 
703-821-5000, 

DACONPt  a model  that  applies  the  SEER  III  (sen  below)  single-weapon 
fallout  model  to  the  analysis  of  full-scale  strategic  nuclear 
attacks. ^ It  emphasizes  the  radiological  fallout  effects  on  population 
centers.  The  contact  Is  Paul  W.  Wong,  Stanford  Research  Institute, 
Menlo  Park,  CA  415-326-6200. 

DCAPSi  a model  that  selects  single  nuclear-weapon  ali^polnts  to  maximize 
target  damage  and  minimize  nontarget  damage.  It  determines  a lethal 
almpolnt  region  within  which  the  primary  target  kill  criteria  are  met 
and  searches  tltls  region  for  desirable  aimpolnts  based  on  user-supplied 
damage  criteria.  The  contact  is  CPT  John  Anderson,  Defense  Nuclear 
Agency  (VLWS) , Washington , DC , 703-325-7403 . 

DBMS  I a two-sided,  division-sized,  dynamic  ccmbat  action  model  that  has 
surface  and  air  nuclear-delivery  capabilities.'^  It  considers  a 12-hr 
time  frame  and  Its  outputs  are  expenditures  and  costs. 

DIVWAG:  a model  that  performs  firepower,  mobility,  target  acquisition, 
and  combat  service  support  functions  in  a division  level  of  aggregation 
for  a two-sided,  computer-assisted,  analytical  war  game.  The  contact  is 
COL  T.  DeShazo,  U.S.  Army  Combined  Arms  Center,  Combat  Operations 
Analysis  Directorate,  Ft.  Leavenworth,  KS,  913-684-4008. 

DOSDIS:  discussed  In  detail  In  section  8,  body  of  report,  and 
appendix  C. 

DWEEPSs  discussed  In  detail  In  section  8,  body  of  report,  and  appendix 

C. 


FORECAST  III  a one-sided,  nuclear,  stochastic  model  Involving  Iwd  «uid 
air  forces.  It  uses  AP-550.  It  assesses  collateral  and  structural 
damage  to  targets  (bridges,  buildings,  etc.)  collocated  with  the 
almpolnt.  Th  contact  Is  COL  Henkey,  Concepts  Analysis  Agency, 
Bethesda,  MD,  -295-1681. 

JEREMIAH:  a nonnuclear  war-game  model  that  is  interactive  via  computer 
graphics.  Artillery  has  just  been  Included.  The  contact  Is 
Ken  Froshner,  Lawrence  Livermore  Laboratory,  Livermore,  CA. 


^Defense  Nuclear  Agency,  Utilization  of  the  SEER  Fallout  Model  in  a 
Damage  Assessment  Computer  Program  (DACOMP) , DMA  3608F  (February  1975) . 

^Lockheed  Missiles  and  Space  Company,  Dynamic  Effectiveness  Model 
Study  (DEMS)  (U) , Sunnyvale,  CA  (November  1965),  LMSC-B093632 , -B093625, 
-B095288  (Vol.  4),  DDC  numbers  380079,  380080,  380081. 
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liACOMPi  the  LASL  version  of  DACOMP  (see  above)  that  has  to  be  used  with 
LANDEM  (see  below)  to  provide  a nuclear  effects  code.  LACOMP  Is  a fall- 
out prediction  model  only. 

LADCARi  discussed  In  detail  In  section  7,  body  of  report,  and 
appendix  C. 

LANDEM I discussed  In  detail  In  section  7,  body  of  report,  and  appendix 
C. 


LULEJIAN-Ii  a two-sided  nonnuclear,  thoater-level  war-game  model 
developed  for  the  Weapon  System  Evaluation  Group  for  ma)clng  force 
assessments,  force  deployment  studies,  and  associated  trade-offs.  The 
output  Is  FEBA  movement  and  attrition  of  weapon  systems  and  personnel. 
The  contact  Is  Herbert  Hoover,  Lulejlan  & Associates,  Torrence,  CA, 
213-542-5561. 

MCNUKEMt  a research  tool  for  determining  how  to  construct  tactical 
nuclear  models  and  sensitivity  studies.  It  Is  static  and  undocumented. 
The  nuclear  calculations  are  consistent  with  the  needs  of  a nuclear 
damage  assessment  scheme,  but  It  employs  AP-550  methodology  for  blast, 
thermal,  emd  total  dose.  The  contact  Is  Morgan  Grover,  RDA,  Santa 
Monica,  CA,  213-822-1715. 

MINTSIM]  a model  undergoing  development  to  correct  basic  flaws  and  to 
increase  the  level  of  aggregation  to  theater  level.  This  war  game 
considers  a multiweapon  laydown  against  a multitarget  array  emd  Includes 
target  acquisition.  The  development  Is  currently  in  a hold  pattern 
until  the  Department  of  the  Army  provides  guidwce.  The  contact  Is 
Phil  Lowry,  Flow  General  LaJsoratories , McLean,  VA,  703-893-5900. 

NAR]  a model  to  assess  damage  from  a manually  planned  nuclear  fire  pleui 
against  Intelligence-gathered  targets.  It  Is  a part  of  NUFAM  (see 
below) . 

NDAMi  a strategic,  one-sided,  deterministic  nuclear  damage  assessment 
model,  currently  being  documented,  that  addresses  the  prompt  radiation 
effects  of  a user-specified  weapon  laydown  on  an  array  of  Installations 
and  personnel  targets.  The  contact  Is  Patsy  McGrady,  Defense 
Intelligence  Agency,  Wasnington,  DC,  692-6373. 

NONAME i essentially  the  Brigade  Survivability  nuclear  damage  assessment 
routine,  plus  peripherals.  For  details,  see  section  8,  ]x>dy  of  report, 
and  appendix  C. 

NUC  AMMORATES:  a model  that  computes  anvnxinltlon  consumption  rates  and 
has  evolved  Into  a small-unlt,  static  war  game  that  has  been  recently 
updated  to  Include  nuclear  capability. 
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NUCWAIii  a model  that  concerns  nuclear  vmapons  allocation,  nuclear 
forces  requirements,  and  blast  damage  assessment  (by  AP-550)  to  point 
and  area  targets  In  a strategic  war.  It  addresses  allocation  of  the 
nuclear  stockpile  In  a general  war  and  the  determination  of  the  size  of 
the  nucleeu:  stockpile  needed  to  Inflict  a pzedetermlned  level  of  damage 
In  a one-sided  deterministic  game.  The  contact  Is  Carroll  Strom  In  the 
Pentagon,  202-695-2277.  See  also  RADSUM. 

NUDASi  a nuclear  damage  assessment  routine  that  meets  the  requirements 
of  the  flow  scheme  of  the  ideal  code  (sect.  5,  body  of  report),  out  only 
considers  one  weapon  against  one  point  or  area  target.  All  environments 
are  Included  and  vulnerability  calculations  are  performed  properly.  It 
is  an  undocumented  research  tool  at  present.  The  contact  Is 
John  A.  Rosado,  Harry  Diamond  Laboratories,  Adelphi,  MD,  202-394-3100. 

NUFAM:  discussed  In  detail  In  section  7,  body  of  report,  emd 
appendix  B. 

QTEMi  a nuclear,  dynamic,  red -on-blue  (unfriendly  force-on'-friendly 
force)  war-game  model  aggregated  at  the  corps  level;  although  much  finer 
resolution  is  possible,  it  involves  extensive  work.  It  calculates 
damage  to  point  and  area  military  and  civilian  targets.  Only  troop 
deployment  Involves  terrain.  No  weather  control  or  communication-link 
vulnerabilities  are  Included.  The  nuclear  damage  assessment  routine  Is 
appropriate  to  the  needs  of  TNF/S  (see  sect.  5,  body  of  report) , except 
that  AP-550  methodology  is  used  in  some  damage  calculations.  There  are 
only  three  levels  of  equipment  damage  and  six  dose  categories  for 
personnel.  Personnel  postures  can  be  time  dependent.  The  choice  of  the 
weapon  laydown  can  be  based  on  the  minimum  or  maximum  target  response 
desired  or  can  be  made  by  the  user  on  the  basis  cf  weapons'  yields. 
Environments  exclude  neutron  fluence,  y,  and  EMP.  EM-1  methodology  is 
followed.  The  code  includes  target  acquisition  time,  decision  time  (to 
weapon  laydown),  and  fire-planning  coordination  time.  The  contact  is 
Norm  Breazeal,  Sandia  Laboratories,  415-455-7011  X2733. 

RADSUM;  a static,  strategic,  lowly  aggregated  war  game,  yet  it  lacks 
equipment  on  the  small  scale.  It  is  entirely  based  on  AF-550  and  is 
limited  in  environments  that  it  can  handle.  Military  value  of  equipment 
and  personnel  is  involved.  It  is  an  undocumented  code.  The  contact  is 
Robert  Green,  Defense  Communications  Agency,  the  Pentagon,  202-695-2277. 


APPENDIX  A 


RAM:  a model  that  assigns  artillery  batteries  to  targets  in  accordance 
with  red  doctrine.  It  is  nonnuclear.  The  contact  is  C.  E.  Van  Albert, 
Concepts  Analysis  Agency,  Bethesda,  MD,  301-295-1696. 

RAPIER:  a model  that  assesses  nuclear  effects  in  producing  clviliem 
casualties  within  a geographic  area  limited^  to  80  x 80  km.  Populations 
are  square  gridded  in  yield-dependent  sizes.  Various  shielding  factors 
represent  various  occupations  of  buildings.  It  is  a strategic  code. 
Ihe  contact  is  Marvin  Drake,  Scientific  Applications,  Inc.,  LaJolla,  CA, 
714-459-0211. 

SATAN  III:  a two-sided  tactical,  nucle£ur  model  that  can  aggregate  as 
low  as  company  size.  It  uses  TANDEM  (see  below)  as  a subroutine  for 
population  damage.  It  involves  land  and  air  forces.  The  contact  is 
Ralfh  Harris,  Studies,  Analysis,  euid  Gaming  Agency,  Joint  Chiefs  of 
Staff  Command  and  Control  Center,  the  Pentagon,  202-695-3780. 

SCORES:  a map-exercise  war  game  that  uses  classified  scenarios.  The 
nuclecu:  excursion  portion  is  capable  of  aggregating  as  low  as  coiq>any 
level  but  with  much  difficulty.  It  handles  multiple  weapons  against 
multiple  targets,  but  only  addresses  radiation  damage,  and  that  by  a 
cookie-cutter  approach.  It  includes  terrain  effects  to  the  extent  of 
troop  deployment.  The  wjtput  ansi#ers  two  questions:  Was  the  nuclear 
deployment  adequate  to  end  the  conflict?  How  soon  can  blue  regain  its 
strength?  The  contact  is  COL  Wbodmansee,  Training  and  Doctrine  Conmmnd, 
Ft,  Leavenworth,  KS,  Autovon  680-33.64. 

SEER  III:  a single  nuclear-burst  fallout  model  accepting  weapon 
yields^  in  the  reuige  of  0.1  kT  to  100  MT.  Its  outputs  are  dose  and 
dose-rate  patterns.  The  contact  is  Paul  W.  Wbng,  Stanford  Research 
Institute,  Menlo  Park,  Ca,  415-326-6200. 

SIDACi  a model  that  accepts  only  strategic  targets;  it  is  not  set  up 
for  battlefields  or  their  scenarios.  It  employs  AP-550.  It  is  a 
modular  one-sided  war  game,  simulating  land,  air,  and  sea  forces  as  well 
as  clvj.lJu  and  paramilitary  forces.  Any  level  of  aggregation  is 
possible.  Delayed  radiation  effects  are  included.  The  contact  is 
Paul  W.  Wong,  Stanford  Research  Institute,  Menlo  Park,  CA,  415-326-6200, 
(see  Defense  Documentation  Center  AD  910-614L) . 


^Defense  Nuclear  Agency,  An  Evaluation  of  the  Tactical  Nuclear  Damage 
Evaluation  Model  (TANDEM)  (U) , DNA  Report  No,  DNA  3733F  (July  1975). 
(SECRET)  . 

^Defense  Nuclear  Agency,  SEER  II:  A Nev  Damage  Assessment  Fallout 
Model,  DNA  3008F  (May  1972).  SEER  III  has  not  yet  been  documented. 
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SNAP:  a strategic  nuclear  model  designed  to  optimize  targets  destroyed 
by  blast  (AP-350}  using  existing  stockpiles.  It  will  not  deal  with 
battlefield  situations.  It  Is  basically  a one-sided  target-acquisition 
model.  The  contact  Is  at  the  Pentagon,  NMCSSC/B205,  202-695-2277. 

SPHINX:  a nuclear  damage  assessment  scheme  that  can  be  applied  against  a 
target  array  of  objects  aggregated  at  the  brigade  level.  It  has  been 
Incorporated  Into  NUFAM  cuid  SATAN  III  (see  ed>ove) . The  contacts  are  the 
same  as  those  for  these  two  codes. 

STANCE-78:  a large  war-game  model  that  Includes  tactical,  nuclear 
conflict  between  a U.S.  corps  and  a Soviet  t2Uik  army  In  allied  central 
Europe.^ 

TACNUC:  discussed  In  detail  In  section  7,  body  of  report,  wd 
appendix  C. 

TAGS:  a theater-level,  nuclear,  tactical  war  game  that  can  be 
aggregated  to  as  low  as  division  level.  It  Is  a cookie-cutter  model 
that  Includes  time  to  repair  equipment.  Its  output  Is  troop  and 
aircraft  survival  and  FEBA  motion  at  the  corps  level. 

TALLEV/TOTEM : a nonnuclear  artillery  war  code.  The  TALLEY  portion  deals 
with  air  combat,  while  the  TOTEM  portion  deals  with  ground  forces.  The 
contact  is  Don  Emerson.  Rand  Corporation,  LaJolla,  CA,  213-393-0411, 
X309. 

TANDEM:  detailed  in  section  7,  body  of  report,  emd  appendix  C. 

TARTARUS:  a two-sided,  deterministic  model  involving  land  forces, 
although  close  air  support  and  nuclear  weapons  can  be  Included.^  It  Is 
aggregated  at  the  battalion  to  division  levels.  The  calculational  pro- 
cedure Involves  the  solution  of  differential  equations  based  on 
Lanchester's  linear  law.  The  contact  is  at  the  Concepts  Analysis 
Agency,  Bethesda,  MD,  202-295-1630. 

UNICORN:  a conventional  and  nuclear-weapon  optimum  allocator  model  that 
aggregates  forces  at  higher  than  the  division  level  for  tactical 
warfare.  The  nuclear  package  deals  only  with  radiation  and  blast.  The 
code  can  guarantee  a least-cost  allocation  to  achieve  specified  damage 
levels.  It  inclxides  rate-of-flre  limitations,  target  acquisition, 
tactical  and  strategic  C^,  and  weapon  survivability  estimates.  The 
contact  is  the  Office  of  the  Secretary  of  Defense  (Plans,  Aiialysls  and 
Evaluation) , Strategic  Programs  at  the  Pentagon,  202-695-9160. 


Studies,  Analysis,  and  Gaming  Agency.  Study  Tactical  Nuclear  Conflict 
Central  Europe  - 1978  (Stance-78)  (U) , General  Purpose  Forces  Division, 
Joint  Chiefs  of  Staff,  Washington,  DC  (June  1972)  (TOP  SECRET) , 

'^TARTARUS  TV  N/COCO  Players  and  Technical  Manual,  AD  829525L. 
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UNNAMED  LUliEJIAN  MODEL t a static,  tactical  nuclear  code  treating 
aggregates  as  low  as  battalion,  including  tubes  and  launch  sites. 
Cookie-cutter  methodology  is  used  for  prompt  eund  delayed  nuclear 
reidiation  due  to  total  dose  only  (no  BMP  or  y)  • target  acquisition 
routine  is  distance  and  weather  sensitive.  The  contact  is 
Herbert  Hoover,  Lulejian  6 Associates,  Torrence,  CA,  213-542-5561. 

UNNAMED  HEADQUARTERS  EUCOM  (European  Command)  MODEL:  under  development 
to  provide  tactical  nuclear  capabilities  using  DOSDIS  (see  above)  as  a 
subroutine . 

The  listing  below  is  alphabetical  by  company  or  orgemlzatlon 
responsible  for  the  codes  listed. 


BDM:  COMBAT  II 

CAA  (Concepts  Analysis  Agency):  ATLAS,  FORECAST  II,  NAR,  NUFAM,  RAM, 
SPHINX,  TARTARUS 

CAC  (U.S.  Army  Combined  Arms  Center):  DIVNAG 

DCA  (Defense  Ccromtinications  Agency):  CASM,  NUCWAL,  RADSUM,  SATAN  III, 
SNAP,  SPHINX,  STANCE-78 
DNA  (Defense  Nuclear  Agency) : DCAPS 
DIA  (Defense  Intelligence  Agency) : NDAM 
EUCOM  (European  Command)  Headquarters:  UNNAMED  Model 
Flow  General : MINTSIM 

GRC  (General  Reseeurch  Corporation,  Flow  General) : MINTSIM 

HDL  (Harry  Diamond  Laboratories) : NUDAS 

IDA  (Institute  for  Defense  Analyses) : TACNUC 

LASL  (Los  Alamos  Scientific  Laboratories) : LACOMP,  LADCAR,  LANDEM 
L^  (Lawrence  Livermore  Laboratory) : DHEEPS , JEREMIAH 
Lockheed : DEMS 

Lulejian  & Associates:  LULEJIAN-I,  UNNAMED  Lulejian  Model 
Martin  Marietta:  BARBAROSA 
NMCSSCi  see  DCA,  SAGA-JCS-CCTC 

OSD-PA&E  (Office  of  Secretary  of  Defense — Plams,  Analysis  emd 
Evaluation) : UNICORN 
Rand : TALLEY/TOTFM 
RDAi  MCNUKEM 

SAGA-JCS-CCTC  (Studies,  Analysis,  and  Gaming  Agency  - Joint  Chiefs  of 
Staff— Command  and  Control  Technical  Center)  see  DCA 
SAI  (Scientific  Applications,  Inc.):  Bricade  Survivability,  NONAME, 
RAPIER,  TANDEM 
Sandia : QTEM 

SRI  (Stanford  Research  Institute):  DACOMP,  DOSDIS,  SEER-III,  STDAC 
TRASANA  (U.S.  Army  Training  and  Doctrine  Connumd,  Systems  Analysis 
Activity) : SCORES 
TRW:  CATTS/MAFIA 
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This  appendix  provides  a listing  of  the  Veurlous  positive  attributes 
possessed  by  the  codes  examined  in  the  course  of  this  survey.  Iteny  of 
these  attributes  came  from  codes  that  were  not  deemed  appropriate  to  the 
needs  of  the  TNF/S  Code.  The  primary  and  secondary  attributes  needed 
for  that  code  are  listed  In  section  5,  In  the  body  of  the  report.  The 
primary  attributes  are  those  features  that  are  needed,  at  the  minimum, 
to  perform  nuclear  damage  assessment.  The  secondary  attributes  aure 
those  deemed  necessary  to  enhance  the  current  applicability  of  a code. 
Accordingly,  the  "tertiary"  listing  presented  here  should  be  regarded  as 
consisting  of  attributes  that  are  anticipated  to  be  desirable  In 
adequately  performing  war  games  of  the  future. 

The  input  and  output  formats  of  the  damage  assessment  routine,  and 
Indeed  of  the  code  in  wk ith  It  is  >-sed,  must  be  compatible  with  the 
corresponding  formats  codes  involving:  conventional  weaponry, 
chemical  and  biological  weaponry,  strategic  codes,  scenario  selection 
codes,  fallout  codes,  air  combat  codes,  ammunition  comsumptlon  codes, 
and  codes  that  minimize  collateral  damage,  in  order  to  ensure  that 
damage  categories  and  criteria  are  consistent  and  that  the  codes  couple 
to  each  other. 

It  would  be  possibly  advantageous  to  have  the  future  capability  of 
coupling  the  code  in  queetion  to  a routine  that  optimizes  the  target 
damage,  given  as  input  a certain  weapons  supply. 

Any  code,  present  or  future,  that  deals  with  nuclear  damage 
assessment  must  contain  a physically  meaningful  criterion  for 
distinguishing  between  point  and  area  teurgets.  It  must  be  capable  of 
differently  subdividing  equipment  targets  and  personnel  teurgets  if  so 
desired,  because  one  may  be  able  to  be  treated  as  a point  target  whereas 
the  other  cannot. 

The  nuclear  damage  assessment  routine  should  be  ed>le  to  flag 
obstacles  created  by  a nuclear  burst  as  they  cure  created  in  order  to 
properly  specify  target/troop  motion  that  occurs  thereafter. 

The  nuclear  damage  assessment  routine  must  be  able  to  account  for 
chamges  in  warhead  design. 
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It  would  be  desirable  to  establish  a matrix  that  stores  redundant, 
calculated  quantities,  thus  permitting  simultaneous  damage  calculation 
runs  (for  sensitivity  studies,  etc.),  thus  reducing  the  number  of 
parallel  damage  calculations. 

It  might  be  useful  to  have  interactive  graphics  displays,  or  even  to 
have  a red  taan  in  the  (calculatlonal)  loop  confronted  (via  the  displays) 
with  a blue  nuin  in  the  loop. 

In  the  tradition  of  the  Brlgeule  Sxurvlvabllity  study,  it  is  often 
useful  to  distinguish  between  direct  and  indirect  losses.  Al&o,  the 
concept  of  time  to  repair  (also  c^mnibalizatlon)  must  be  incorporated, 
especially  for  personnel  for  long-lasting  encounter  times. 

In  the  cibsence  of  proper  target  vulnerability  data,  perhaps  the  code 
could  fall  bac)c  upon  FM-101-31  or  AP-550  methodology.  The  output  must 
be  flagged  accordingly. 

It  would  be  eventually  useful  tc  involve  a teurget  acquisition  scheme 
that  includes  weather,  target  distemce,  and  target  intelligence  age 
dependences.  Possibly  one  could  Monte  Carlo  the  point  on  the  target 
that  is  detected  relative  to  the  location  of  the  teurget  centroid. 

An  eventual  weur-game  code  in  which  a nuclear  daunage  assessment 
scheme  is  used  would  include  air,  ground,  sea,  and  possibly 
exoatmospheric  forces  and  red/blue  asymmetry.  It  would  be  ed^le  to  deal 
with  arbltreury  levels  of  aggregation  and  serve  as  a troop-commander 
training  tool.  The  code  could  consider  deployment  policies  amd  give  the 
time  dependence  of  the  forward  edge  of  the  battle  area  (FEBA) . In  its 
ultimate  form  synergistic  effects  (e.g. , weeUcenlng  of  a radio  tower  by 
the  thermal  environment  from  a nuclear  burst  preceding  the  associated 
blast)  would  be  included,  a step  clearly  beyond  present-day 
cap€d}illties. 
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This  appendix  presents  the  technical  details  of  the  nine  codes  that 
were  found  in  section  4 (in  the  body  of  the  report)  from  the  first-round 
selection,  to  be  appropriate  to  the  needs  of  Theater  Nuclear 
Force/Survivability  (TNF/S)  in  the  eurea  of  nuclear  damage  assessment. 
Appendix  A lists  the  details  of  all  the  codes  surveyed,  but  in  a 
consldercibly  less  thorough  fashion  than  is  presented  here.  Section  8 of 
the  body  of  the  report  gives  the  details  (as  thoroughly  as  for  the  codes 
in  this  appendix)  of  the  three  codes  that  were  found  to  be  relevemt  to 
the  needs  of  TNF/S,  that  properly  utilize  vulneredjility  data,  and  whose 
methodology  is  useful  for  sensitivity  studies. 

Brigade  Survivability:  one  of  the  three  codes  covered  in  detail  in 
section  8. 

DOSDIS:  discussed  in  detail  in  section  8,  Ixxiy  of  report. 

DWEEPS:  discussed  in  detail  in  section  8,  Ixsdy  of  report. 

LADCAR:  basically  a research  tool?  handles  conceptual  weapons.  It 
performs  warhead  analysis  to  tailor  a single  weapon  to  defeat  a single 
target  in  order  to  find  the  most  appropriate  warhead  for  the  specified 
scenario.  A typical  run  would  treat  one  tan)c  con^>any  and  one  burst  and 
then  input  the  output  to  a larger  model. ^ The  target  is  a circlfj  that 
can  be  subdivided  into  subtargets  of  emy  resolution.  The  target  cannot 
move,  nor  is  there  an  associated  target  location  error.  The  target  is 
located  by  its  distance  from  the  burst,  and  the  detected  portion  of  the 
target  is  assumed  to  be  its  centroid.  Ihe  internal  distribution  of  tar- 
get value  is  Gaussian  over  an  R95  radius.  There  can  only  be  one  distri- 
bution of  personnel  and  one  shielding  per  circle.  The  user  can  input 
equipment  by  type,  although  its  criticality  and  relevant  conmunicatlon 
links  cannot  be  specified. 

There  are  no  weapon  range  considerations  or  weapon  reliabilities. 
The  nuclear  environment  for  people  is  specified  by  a 26-integer  array 
that  Includes  blast,  total  radiation  dose,  and  thermal,  using  AP-550 
methodology.  Neutron  fluence,  “f,  and  EMP  are  not  considered,  but 
neutron  fluence  is  considered  for  people.  All  three  environments  that 
are  treated  are  enfolded  to  give  one  damage  P.  value.  Weather  effects 
on  thermal  flux  can  be  input,  but  terrain  cannot.  There  is  no  treatment 
of  uncertainties  in  the  input. 


^T.  Dowler,  Los  Alamos  Scientific  Laboratory,  Computer  Codes  for 
Analyzing  the  Prompt  Effects  of  Nuclear  Weapons  (U) , Report  LA~6244-MS 
(March  1976).  (CONFIDENTIAL) 
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Personnel  vulnerability  includes  blast,  neutron,  and  thermal 
considerations  and  uses  an  8000-rad  guideline  for  prompt  incapacitation 
of  military  personnel.  Civilian  personnel  are  treated  differently. 
There  is  no  time  evolution  for  each  of  the  26  postures.  The  code 
cannot  handle  multiple  doses  nor  can  it  group  casualties  by  dose. 
Equipment  is  vulnerable  only  to  blast,  although  neutron  and  thermal 
environments  could  be  handled  once  the  user  becomes  familiar  with  the 
code.  There  is  no  consideration  of  the  time-to-repair  concept. 

The  code  is  probabilistic,  not  "cookie  cutter"  or  Monte  Carlo.  The 
output  can  be  edited  by  burst  number.  The  computer  is  a Control  Data 
Corporation  7600  and  the  language  is  FORTRAN.  The  code  is  available  to 
government  users  and  has  been  published  by  the  Energy  Research  and 
Development  Agency.  The  radiation  transport  equations  and  the  blast 
treatment  (but  not  thermal)  have  been  extensively  assessed.  The  key 
technical  contact  is  T.  W.  Dowler  at  Los  Alamos  Scientific  Laboratory 
(LASL) , Los  Alamos,  NM,  505-667-4335. 

LANDEM:  in  essence,  a static  LASL  version  of  TANDEM  (see  below)  and, 
when  run  with  the  fallout  code  LACOMP  (a  LASL  version  of  DACOMP,  see 
app  A),  gives  a complete  nuclear  effects  code.  It  specifies  military 
and  collateral  personnel  casualties.  It  can  treat  multiple  weapons  and 
targets.  Targets  are  invariant  simple  geometric  shapes  that  are  based 
on  known  troop  deployment.  The  target  size  can  be  as  small  as  the  sum 
of  five  tank  crews,  or  down  to  company  size.  Personnel  spacing  is 
invariant  and  includes  several  postures.  There  are  15  equipment  types 
overall,  and  there  can  be  several  hundred  per  division.  Equipment 
criticality  and  communication  links  are  not  included,  ibe  only  way  to 
introduce  target  uncertainties  is  by  weapon  CEP  or  actual  ground  zero 
(AGZ) . The  user  inputs  either  weapon  yield  or  type,  range,  HOB,  and 
CEP,  but  not  reliability.  The  user  selects  the  individual  latitudes  and 
longitudes  of  the  weapon  laydown.  The  code  avoids  multiple  kill. 

The  sole  nuclear  environments  are  blast  (same  as  TANDEM)  and  the 
resultant  cratering.  It  uses  its  own  detailed  radiation  transport  code, 
but  does  not  treat  EMP  or  y.  There  are  no  weather  or  terrain 
considerations . 

Personnel  and  equipment  vulneredsilities  are  taken  straight  from 
AP-550.  One  cannot  specify  other  than  equal  personnel  postures  at  the 
most  refined  subtarget  levels.  Personnel  are  vulnerable  to  blast,  total 
prompt  radiation  dose,  and  thermal.  There  are  no  cumulative  dose 

effects  from  multiple  bursts.  Personnel  casualties  can_J?e gxoaped-by 

dose.  Equipment  is  considered  to  be  vulnerable  to  blast,  total 
radiation  dose,  and  thermal.  The  only  level  of  damage  is  that  of  severe 
damage.  Time  to  repair  is  not  included. 
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The  mathematical  approach  is  probabalistic  rather  than  cookie  cutter 
and  does  not  include  Monte  Carlo  techniques.  The  computer  used  is  a CDC 
7600,  with  FORTRAN  language.  The  code  is  proprietary  to  the  Government 
and  has  not  been  independently  assessed  in  its  entirety,  although 
submodules  have  been  checked  by  other  Government  agencies.  There  is  no 
documentation  available.  The  key  technical  contact  is  T.  W.  Dowler,  Los 
Alamos  Scientific  Laboratories,  LASL,  Los  Alamos,  NM,  505-667-4335. 

NONAME  I the  submodule  of  the  Brigade  Survivability  model  that  deals 
with  nuclear  damage  assessment.  The  appropriate  details  are  Included 
with  those  of  Brigade  Survivability  that  are  given  in  section  8 in  the 
body  of  the  report. 

NUFAM:  a dynamic,  corps-level,  two-sided,  multiple-weapons-on-multiple- 
targets,  nuclear  excheinge  model  based  upon  limited  or  unlimited 
warheads.^  The  output  can  be  time-sequenced  by  the  user  to  become 
dynamic.  Rectangular  tcirgets  cem  be  resolved  to  as  small  as  platoon 
size  with  input  orientation  and  can  have  viniform  internal  distributions. 
There  can  be  as  many  as  6000  units  in  each  of  36  major  target  units,  and 
personnel  grids  containing  five  postures  can  overlap  the  equipment 
grids.  There  can  be  arrays  of  one  type  of  ecjuipitvent  per  subunit  that 
can  include  communication  links,  although  the  only  way  to  specify 
equipment  criticality  is  by  input  targeting  priorities.  input  data 
uncertainties  are  not  dealt  with.  A target  location  error  contains  a 
CEP  that  is  related  to  the  age  of  the  Intelligence  that  identified  the 
target.  Teurget  motion  vectors  are  specified  by  either  the  time  to 
vanish  from  sight  (flee  time)  or  by  manual  off-line  updates. 

Weapons  cannot  be  fired  in  multiples.  The  user  can  choose  from  a 
weapons  menu  of  up  to  60  yield/HOB  combinations.  Multiple-kill  volumes 
are  avoided.  The  user  specifies  weapon  designated  ground  zero  (DGZ) , 
emd  weapon  CEP  is  calculated  from  the  weapon  type.  Weapon  relicdsility 
is  statistical. 

Rlast,  total  radiation  dose,  and  thermal  environments  are  specified 
thr.  h damage  radii  take.'  from  AP-550.  Mo  consideration  is  given  to 
neutron  fluence,  "y,  EMP,  terrain  (except  for  troop  deployment),  or  data 
uncertainties.  Blast  and  thermal  damage  are  found  by  a cookie-cutter 
technique,  while  the  total  radiation  dose  (also  cookie  cutter)  is  both 
prompt  and  delayed.  There  can  be  five  time-independent  personnel 
shie'^'<ng  postures.  There  are  no  cumulative  dose  considerations,  nor  is 
time  repair  included.  The  computer  is  a Univac  1108  Executive  8, 


^MAJ  L.  G.  Lehowicz  et  al,  U,S.  Army  Concepts  Analysis  Agency, 
Tactical  Suclear  Weapons  Requirements  Methodology  (TANRBM)  (U) , 
Phase  II:  Methodology  Development,  Appendix  F:  Nuclear  Fire  Planning 
and  Assessment  Model,  Report  CAA-SR-74-21.  (December  1974). 
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using  FORTRAN  and  Assembler  language.  The  code  is  modular / is  not 
proprietary « and  has  not  been  Independently  assessed.  The  technical 
point  of  contact  Is  Robert  Howe,  Concepts  Analysis  Agency,  Bethesda,  MD, 
301-295-1681. 

TACNUCi  a static,  theater-level,  nuclear  eurui  conventional  combat  model 
that  contains  policies  for  weapons  deployment.^  It  was  to  be  upgraded 
to  include  chemical  warfare  (as  well  as  other  modifications)  by  late 
1976.  The  code  treats  multiple  weapons  against  multiple  targets  of  up 
to  division  size.  The  user  characterizes  the  target  shape  and  size  by  a 
standard  radius  and  centroid  location.  Target  orientation  can  be 
included  If  the  user  alters  the  targets'  vulneredsllltles.  Theater-sized 
units  are  banded  Into  division-sized  sectors,  which  ceui  be  subdivided 
Into  zones.  Primary  and  collateral  targets  are  treated  separately  and 
differently.  The  four  personnel  shleldlngs  can  vary  from  zone  to  zone, 
but  are  constaint  In  any  given  zone  and  cam  overlap  any  of  the  veurlous 
equipment  grids.  Communication  links  are  not  Included,  but  equipment 
criticality  Is  taken  Into  consideration  by  specifying  combat 
effectiveness  through  point  or  eurea  (either  uniform  or  log-normal) 
value.  Target  location  error  c2umot  be  taken  Into  consideration. 
Target  motion  Is  at  the  division  level  and  Includes  terrain 
considerations . 

The  reserve  limits  on  the  variety  of  possible  weapons  Is  enforced, 
and  a wide  variety  of  employment  policies  Is  available.  Multiple  kill 
volumes  are  not  always  avoided.  The  weapon  yield  Is  determined  from  a 
user- spec if led  casualty  requirement.  The  weapon  CEP  Is  Gaussian,  the 
HOB  Is  input  by  the  user,  and  the  weapon  DGZ  emd  range  are  computer 
established;  weapon  reliability  Is  not  included. 

The  nuclear  environments  Include  only  blast  and  total  radiation 
dose,  not  neutron,  thermal,  y,  or  EMP.  They  follow  the  AP-550  format. 
There  are  no  terrain  or  weather  considerations. 

Personnel  are  vulnerable  to  blast  and  total  radiation  dose  (which  Is 
cumulative) , not  to  thermal.  Casualties  can  be  grouped  by  dose. 
Equipment  Is  vulnerable  to  blast  but  not  to  neutron,  thermal,  EMP,  or  y. 
Several  levels  of  damage  are  Included.  The  nuclear  subroutine  does  not 
Include  the  tlme-to-repalr  concept,  but  the  main  program  does.  The  code 
Is  modular,  Is  not  proprietary,  and  lias  not  been  Independently  assessed. 
The  output  Is  the  combat  unit  status  at  the  corps  level.  The  technical 
contact  Is  Edward  Kerlln,  Institute  for  Defense  Analysis,  Arlington,  VA, 
703-558-1323. 


^E.  P,  Kerlin  et  al.  Institute  for  Defense  Analysis,  IDA  TACNUC 
Model:  Theater- level  Assessment  of  Conventional  and  Nuclear  Combat. 
Volume  II:  Detailed  Description,  IDA  Report  R-2H  (October  1975) . 


APPENDIX  C 


TANDEM t a model  designed  to  estimate  nuclear  effects  In  theater 
warfare.‘*  It  Is  being  upgraded  emd  refined  by  Defense  Nucl62u:  Agency 
(DNA)  through  Scientific  Applications,  Inc.  In  regard  to  damage 
calculation  and  vulnerability  data.  When  upgrading  Is  complete 
(estimated  date  is  spring  1978) , the  user  will  have  the  option  of  using 
PM-lOl  methodology  Instead  of  updated  aP-550  methodology.  It  consid*»rs 
the  effects  of  a single  weapon  on  multiple  static  targets.  Targets  are 
of  1500-m  size  If  unoccupied  and.  If  occupied,  subdivided  Into  either 
point  or  complex  subtargets  (dovm  to  platoon  size)  whose  orientation 
cannot  be  specified.  It  cannot  handle  industrial  targets  but  can  set 
targeting  priorities.  The  methodology  is  by  AP-550.  The  code  contains 
no  way  to  deal  with  errors  or  communication  links.  Target  subareas 
contain  a uniform  distribution  of  value.  The  user  can  input  weapons  by 
either  yield  or  weapon  type  (thereby  setting  the  CEP) . Delivery  systems 
(and  their  ranges)  are  handled  through  the  weapons  allocation  routine. 
HOB  is  either  optimum  or  surface.  The  user  or  a subroutine  selects  the 
DGZ.  The  user  can  select  the  weapon  reliability. 

The  nuclear  environment  is  straight  from  AP-550,  yet  only  recent 
versions  have  handled  blast  effects.  The  data  source  is  EM-1  parametric 
fits  from  eight  weapon  types  and  includes  total  dose  and  neutron 
fluence.  It  does  not  handle  EMP  or  y.  Thermal  flux  is  currently 
included.  There  are  no  weather  or  terrain  effects. 

Personnel  are  vulnereOale  to  blast,  total  radiation  dose,  and 
thermal,  but  the  output  cannot  group  casualties  by  dose.  Equipment 
vulnerabilities  are  currently  being  updated  to  deal  with  blast  and 
thermal.  The  user  can  input  the  time-to-repair  concept  or  other  such 
properties . 

The  methodology  is  EM-1,  but  uses  AP-550  for  a last  resort  if  data 
are  lacking.  The  computer  is  em  IBM  360  and  FORTRAN  IV  language  is  used 
in  this  modular,  nonproprietary  code  that  has  not  yet  been  independently 
assessed.  The  technical  contact  is  Marvin  DreOce,  Scientific 
Applications,  Inc.,  La  Jolla,  CA,  714-459-0211;  but  the  requestor  must 
first  go  through  the  DNA  vulnerability  Directorate. 


‘*Marvin  K.  Drake , Scientific  Applications,  Inc,  An  Evaluation  of  the 
Tactical  Nuclear  Damage  Evaluation  Model  (TANDEM)  (U) , (July  1975), 
Report  Number  DNA  3733F, 
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ATTN  ATSE-CD-CS,  MR.  GRAZIER 

DIRECTOR 

NIGHT  VISION  LABORATORY 
FT  BELVOIR,  VA  22060 
ATTN  DRSEL-NV-VI,  MR.  ADRIAN  LINZ 

DEPUTY  COMMANDER 
CATRADA 

FT  LEAVENWORTH,  KS  66027 
ATTN  ATZL-TDA-TL,  LTC  MURRAY 

CHIEF  OP  NAVAL  RESEARCH 
NAVY  DEPARTMENT 
ARLINGTON,  VA  22217 
ATTN  CODE  713 

DIRECTOR 

NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  DC  20375 
ATTN  2600  TECH  LIB 
ATTN  CODE  5700,  TACTICAL  ELECTRONIC 
WARFARE  DIV 

ATTN  CODE  6600,  RADIATION  TECH  DIV 
ATTN  CODE  6620,  RADIATION  EFFECTS 

CO^a^ANDER 

NAVAL  SURFACE  WEAPONS  CENTER 
WHITE  OAK,  HD  20910 
ATTN  CODE  WA501,  NAVY  NUCLEAR 
PRGMS  OFFICE 
ATTN  CODE  730  TECH  LIB 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CENTER 
DAHLGREN,  VA  22448 
ATTN  DF-20,  ELECTRONICS  WARFARE  DIV 

SANDI''  LABORATORIES 
P.0,  X 5800 
ALBUQUERQUE,  NM  87115 
ATTN  DOC  CON  FOR  3141  SANDIA  RPT  COLL 
ATTN  SSD  1313 


CENTRAL  INTELLIGENCE  AGENCY 
ATTN  RD/SI  RM  5G48 , HQ  BLDG 
WASHINGTON,  DC  20505 
ATTN  OSR/SEC 
ATTN  ALICE  PADGETT 

COMMANDER 

AF  FLIGHT  DYNAMICS  LAB 
WRIGHT-PATTERSON  AFB,  OH  45433 
ATTN  PTS,  SURVIVABILITY/ 

VULNERABILITY  BR 

BDM  CORPORATION,  THE 
7915  JONES  BRANCH  DRIVE 
MCLEAN,  VA  22101 
ATTN  WILLIAM  E.  StnSENEY,  JR. 

SCIENCE  APPLICATIONS,  INC. 

8400  WESTPARK  DRIVE 
MCLEAN,  VA  22101 
ATTN  W.  SCHILLING 
ATTN  T.  ALBERT 
ATTN  M.  F.  BARRETT 

HARRY  DIAMOND  LABORATORIES 
ATTN  DANIEL,  CHARLES  D.,  JR.,  MG, 
COMMANDING  GENERAL  (ERADCOM) 

ATTN  RAMSDEN,  JOHN  J.,  LTC,  COMMANDER/ 
FLYER,  I. N. /LANDIS,  P.E./ 

SOMMER,  H. /OSWALD,  R.  B, 

ATTN  CARTER,  W.W. , DR.,  TECHNICAL 
DIRECTOR/MARCUS,  S.M. 

ATTN  KXMMEL,  S. , PAO 

ATTN  CHIEF,  0021 

ATTN  CHIEF,  0022 

ATTN  CHIEF,  LAB  100 

ATTN  CHIEF,  LAB  200 

ATTN  CHIEF,  LAB  300 

ATTN  CHIEF,  LAB  400 

ATTN  CHIEF,  LAB  500 

ATTN  CHIEF,  LAB  600 

ATTN  CHIEF,  DIV  700 

ATTN  CHIEF,  DIV  800 

ATTN  CHIEF,  LAB  900 

ATTN  CHIEF,  LAB  1000 

ATTN  RECORD  COPY,  BR  041 

ATTN  HDL  LIBRARY  (5  COPIES) 

ATTN  CHAIRMAN,  EDITORIAL  COMMITTEE 

ATTN  CHIEF,  047 

ATTN  TECH  REPORTS,  013 

ATTN  PATENT  LAW  BRANCH,  071 

ATTN  GIDEP  OFFICE,  741 

ATTN  LANHAM,  C. , 0021 

ATTN  CHIEF,  210 

ATTN  RATTNER,  S. , 280 

ATTN  VAULT,  W. , 210 

ATTN  BALICKl,  F.  W. , 0024 

ATTN  KELLEY,  C.  S.,  (3  COPIES) 
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